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jt recent years, there has been a marked change in the 

4] social status of the mammalian erythrocyte. It was long 
I. i regarded as an inert bag of hemoglobin which did not 

a] merit the term “cell” and was therefore called a red 
a blood corpuscle. But with the demonstration that the 
human erythrocyte has a life span of 120 days and that its metabolic 
activity is essential for its survival, increased attention has been di- 
rected to the metabolism of this cell. 

The principal physiologic functions of the erythrocyte, the trans- 
port of O: from the lungs to the tissues and of CO. from the tissues to 
the lungs, are made possible by the hemoglobin which binds the gases 
reversibly. Hemoglobin is widely distributed in nature. In primitive 
forms of life, it exists free in body cavities; in the higher forms it is 
incorporated into specialized cells. This incorporation into erythrocytes 
permits large amounts of hemoglobin to be present in the blood without 
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Taste I—METABOLIC CHARACTERISTICS OF RETICULOCYTES 
AND MATURE MAMMALIAN ERYTHROCYTES 


Reticulocyte Mature Erythrocyte 


RNA 0 


Protein Synthesis + 0 


Carbohydrate Metabolism 
Embden-Meyerhof cycle 


Hexose-monophosphate shunt + + 
Tricarboxylic acid cycle + 0 
Lipid Synthesis + ? 0 


Heme Synthesis 


raising the blood’s viscosity or its osmotic pressure; and the hemoglobin 
within the erythrocyte is protected from extensive degradative activity 
during the life span of the cells. 

The human erythrocyte begins its life as a nucleated cell in the bone 
marrow. This nucleated cell is apparently capable of most of the me- 
tabolic reactions characteristic of nucleated cells of other tissues. The 
synthesis of deoxyribonucleic acid (pNA) and of ribonucleic acid (RNA) 
for cellular proliferation goes on actively. Carbohydrates, lipids and 
proteins are also synthesized at a very active rate. It is during this period 
in the bone marrow that nearly all of the hemoglobin of the cell is 
synthesized". 


The cell is released from the marrow, probably in the form of a 
reticulocyte, after loss of the nucleus, but it is not known whether the 
loss of the nucleus occurs by lysis or by extrusion, A major constituent 
of the reticulum is RNA and its presence probably makes it possible for 
the reticulocyte to carry out the formation of protein’, specifically 
globin** (Table 1). 

The reticulocyte has an active Embden-Meyerhof glycolytic cycle, 
an active hexosemonophosphate pathway and an intact Krebs tricarbox- 
ylic acid cycle. 

In the mature erythrocyte, there is little or no RNA and the tricarbox- 
ylic acid cycle is not intact. The syntheses of heme and of globin do not 
occur, in contrast to the findings in the reticulocyte” *. Lipid synthesis 
appears to be insignificant or absent in the mature erythrocyte*™!. The 
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mature erythrocyte derives its energy primarily from anerobic glycoly- 
sis and from the oxidation of glucose via the hexosemonophosphate 
pathway. 

A principal task of the immature erythrocyte is the biosynthesis 
of hemoglobin, and a principal task of the mature erythrocyte is the 
maintenance of this hemoglobin in a functional state. The biosynthesis 
of heme has been elucidated to a very considerable extent during the 
past decade, but relatively little is known about the synthesis of the 
globin. In 1945, Shemin and Rittenberg at Columbia began some classi- 
cal experiments which laid the foundation for studies in this country 
and abroad from which a fairly definitive outline of the steps in the 
synthesis of porphyrins has emerged. 

The complex molecule, heme, is synthesized from rather simple small 
molecule precursors, namely, glycine and succinate’*"’. The succinate, 
in the form of succinyl coenzyme A’™*:"*, and the glycine condense to 
form delta-aminolevulinic acid, by way of decarboxylation of alpha- 
amino, beta-keto-adipic acid*®**. In the formation of delta-aminolevu- 
linic acid, pyridoxal phosphate is required’. 

Two molecules of delta-aminolevulinic acid condense to form a 
monopyrrole***? which has been found to be identical with porpho- 
bilinogen**, the substance which is excreted in relatively large amounts 
by patients with acute intermittent porphyria®®. The porphobilinogen 
undergoes deamination to a postulated pyrryl methane from which 
uroporphyrinogen I may be derived or from which uroporphyrinogen 
III may be formed*® **, These porphyrinogens are colorless precursors 
of their respective pigments. Uroporphyrinogens I and III undergo 
decarboxylation to form the respective coproporphyrinogens*® ** which, 
in turn, may be oxidized to the pigments coproporphyrins [ and III. In 
turn, the coproporphyrinogen III] may undergo decarboxylation and 
oxidation to form protoporphyrin IX, There is evidence that it is at 
the stage of protoporphyrin that the iron is incorporated to form ferrous 
protoporphyrin IX or heme** **. This, in brief, is the presently accepted 
pathway for the biosynthesis of heme (Figure 1). 

In the bone marrow, the globin is made in the same erythroid cells. 
The pathway of biosynthesis of protein is much less well understood 
and, consequently, cannot be given in similar detail. However, for each 
molecule of hemoglobin, there are four hemes and one globin molecule 
with a molecular weight for the protein of about sixty-seven thousand. 
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Fig. 1—Scheme of the biosynthesis of heme. 


It can be shown that, in the marrow, the synthesis of heme and of 
globin are rather closely attuned, so that there is little excess of one over 
the other, However, it has been possible to demonstrate that these 
two biosynthetic processes can readily be dissociated by a variety of 
metabolic agents®. It is for this reason that particular attention may be 
focused in the future upon the question of whether some hematologic 
dyscrasias may be characterized by a relative impairment of the synthe- 
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sis of heme or of globin, or a relative preponderance of one over the 
other. 

Within the past decade, a great deal of attention has been directed 
to the globin molecule, particularly because of the findings of Pauling, 
Itano and their collaborators, who showed that the electrophoretic 
properties of the hemoglobin of patients with sickle cell anemia are 
different from those of normal human hemoglobin**. Subsequently, the 
field of the hemoglobinopathies, with its fascinating implications in bio- 
chemistry, genetics, anthropology, as well as medicine, has been opened 
up. We cannot dwell on this work beyond indicating that Ingram and 
his associates have demonstrated that sickle cell hemoglobin differs from 
normal hemoglobin, in that there is a residue of valine instead of 
glutamic acid in one peptide*’, and that in hemoglobin C there is a 
residue of lysine in the place of the same glutamic acid residue of the 
same peptide**, These, then, are instances in which specific genetic 
defects result in specific differences in amino acid sequence in a given 
peptide within the protein, and from this one difference in the case of 
these three types of hemoglobin, rather striking physical and chemical 
properties of the hemoglobin molecules ensue. 

Once the hemoglobin is formed, the erythrocyte must maintain the 
hemoglobin in the reduced state, that is, with iron in ferrous form, for 
it is only in the reduced state that the hemoglobin is capable of binding 
oxygen reversibly. The maintenance of hemoglobin in its functional 
state requires a mechanism for the continued reduction of methe- 
moglobin, in which the iron of the heme is in the ferric form. The 
evidence now available suggests that one or more enzyme systems are 
involved. These systems are dependent upon the integrity of the eryth- 
rocyte, are associated with carbohydrate metabolism of the cell, and 
require the regeneration of reduced pyridine nucleotides, Metabolic 
processes for generating reduced triphosphopyridine nucleotide 
(TPNH) and diphosphopyridine nucleotide (DPNH) are available in 
the normal erythrocyte: TPNH generation by way of the hexosemono- 
phosphate shunt, and DPNH by way of the Embden-Meyerhof pathway 
and the oxidation of lactic acid to pyruvic acid. Kiese**, and Huenne- 
kens and his associates*® have isolated a preparation called methemo- 
globin reductase from erythrocytes. This enzyme requires TPNH but 
can also utilize DPNH, though at a slower rate. Recently, Scott and 
Griffith (Biochem. and Biophys. Acta 34: 584, 1959) have reported the 
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TIME IN DAYS 
Fig. 2—Life span of sheep erythrocytes. Specific activity of hemin of 


total erythrocyte samples at various intervals after administration of 
glivcine-2-C*. 


presence of an enzyme in human erythrocytes which is DPNH-depend- 
ent and which is absent or deficient in a form of congenital methemo- 
globinemia. Further study of purified enzymatic preparations is desirable 
in order to determine the physiologic significance, coenzyme require- 
ments and relationship, if any, of these enzymes. Another type of con- 
genital methemoglobinemia which is due to a rare abnormal hemoglobin, 
Hemoglobin M, has been described** *. 

The importance of the age and the metabolism of the erythrocyte 
in determining the reactions of the red cell to the challenges of its 
environment is reflected in studies on immune hemolysis, osmotic 
hemolysis and drug sensitivity. The study of immune hemolysis was 
carried out in our laboratory in collaboration with Dr. Otto Plescia and 
Miss Grace Vanderhoff. Glycine-2-C'* was administered to an adult 
sheep, and the life span of the erythrocytes was determined by measur- 
ing the specific activity of the hemin of the erythrocyte. The life span 
was found to be approximately 120 days, as in man and in the dog 
(Figure 2). At various intervals during the four month life span, samples 
of the sheep erythrocytes were incubated with a rabbit antiserum to 
sheep erythrocytes and with complement. The conditions were such 
that when the reaction had gone to completion, 25 per cent of the cells 
were lysed. Hemin was then isolated from the hemoglobin of the lysed 
cells and from the hemoglobin of the intact cells, and their specific ac- 
tivities were compared, Were there random or indiscriminate destruc- 
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160 
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Fig. 3—Susceptibility of sheep erythrocytes to immune lysis as a function 
of their age. The data are presented in terms of the percentage deviation 
of the specific activities of the hemin samples of intact and of lysed cells 
from the specific activity of the hemin of a total erythrocyte sample at 
various time intervals during the life span of the erythrocytes. 


tion of erythrocytes, the specific activities of the hemin samples derived 
from the lysed cells and from the intact cells, at any point during the 
several months of the experiment, would have been identical. Should 
there be selective resistance or susceptibility to immune hemolysis at 
various times during the life span of the erythrocyte, this would be 
reflected in differences in the specific activities of the hemins of the 
lysed and of the unlysed cells. 

The findings indicate that there is, indeed, a very definite relation- 
ship between the age of the erythrocyte and its susceptibility to immune 
hemolysis (Figure 3). After what appears to be a kind of “infant 
mortality” of the very youngest cells (a point which requires further 
study and confirmation), the young adult cells are found to be far 
more resistant to immune lysis, and then, after several weeks, as the 
cells begin to approach the end of their normal life span, their suscepti- 
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bility to immune hemolysis increases in very marked fashion. 

Similar studies of osmotic hemolysis*** and primaquine-induced 
hemolysis*? have been carried out. In these types of hemolysis, too, 
the reactions of the erythrocytes to challenges to their integrity are 
related to the age of the cell. In each instance, the young cells, with 
the possible exception of the very youngest cells, are much more 
resistant to destruction than are the older cells. 

The importance of the age of the cell and, therefore, by implication, 
its metabolic activity, in the maintenance of the structural integrity of 
the erythrocyte, has directed our attention to the study of various 
metabolic agents which may affect the integrity of the erythrocyte. 
Studies which follow the initial findings of Dische** and which have 
been carried out, primarily, by Gabrio and Finch* and by Denstedt, 
Rubinstein” and their co-workers, have indicated that the preservation 
of the erythrocyte in vitro may be enhanced by the addition of purine 
ribosides, particularly, adenosine and inosine. In these studies, it has 
been shown that organic phosphate esters of the erythrocyte, such as 
adenosine triphosphate and 2, 3-diphosphoglycerate, can be increased 
following incubation of the erythrocytes with these purine ribosides. 
Following such incubation, there is also some enhancement of the 
survival of these cells on transfusion. Concurrent studies in our own 
laboratory by Drs. Jaffe, Lowy, Aisen and Miss Vanderhoff have shown 
that the resistance of the normal human and normal rabbit erythrocyte 
to osmotic lysis may be enhanced by incubation of these erythrocytes 
with purine ribosides*'. It has been shown that on incubation with 
adenosine, inosine, 2, 6-diamino purine riboside, xanthosine and guan- 
osine, there is a considerable increase in the resistance of the erythrocyte 
to osmotic lysis. The mechanism for this effect (e.g., of inosine) is, in 
all likelihood, as follows: the purine riboside enters the erythrocyte 
where it is phosphorylytically cleaved by a purine nucleoside phos- 
phorylase, with the formation of ribose-1-phosphate. The ribose-1- 
phosphate is converted to ribose-5-phosphate, which can enter the hex- 
osemonophosphate shunt, where it is converted to triosephosphate 
which can then enter the Embden-Meyerhof cycle. The ribose which 
enters the cell via utilization of the purine riboside is thus converted to 
lactic acid, and during the series of reactions of the Embden-Meyerhof 
cycle, adenosine triphosphate is generated and energy is provided to the 
erythrocyte for the maintenance of its structural integrity. It is of in- 
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terest to note that the effect of inosine is much more marked in younger 
cells than in older cells*®. 

It is clear, from these and from the various other studies which have 
been cited, that during its sojourn in the circulation, the normal eryth- 
rocyte undergoes a process of aging and that its destruction is the end 
result of such aging. The normal red cell provides an opportunity for 
investigation of the aging process in an individual cell. Granted that it 
is a rather special type of cell since it does not have a nucleus and since 
it cannot undergo reproduction, it provides nonetheless an opportunity 
for the study of the various processes which may occur in the cell dur- 
ing its senescence. On logical grounds, one may postulate that there is 
a progressive decline of metabolic activity because of the loss of various 
enzymatic mechanisms which cannot be replaced due to inability of the 
mature erythrocyte to synthesize protein enzymes. In accordance with 
this notion, there is evidence derived from the studies of Allison and 
Burn*®? and Marks and his associates**: ** that there is, indeed, a decline in 
some enzymatic activities during progressive aging of the erythrocyte 
in vivo. It has been shown that acetylcholinesterase, catalase, glucose-6- 
phosphate dehydrogenase, 6-phosphogluconic dehydrogenase and phos- 
phohexoseisomerase decline with progressive aging of the erythrocyte. 
A second possible explanation involves the progressive loss of lipid or 
lipoprotein constituents of the membrane during the aging process. This 
could result from the diminished replacement of these constituents with 
aging, as we suggested earlier®. Recently, Prankerd has provided evi- 
dence for diminished lipid content of old as compared to young eryth- 
rocytes™, A third possibility is that of changes in the permeability of 
the ceils to substrates required for their continuing metabolic activity. 
And, finally, one may postulate that during the aging process, there may 
be an accumulation of metabolites which may prove noxious to the 
metabolic activity of the cell. 

At the present time, these various possibilities are by no means 
mutually exclusive. In general, one may say that they are all compatible 
with the view that during progressive aging of the cell, there is a loss of 
one or more critical metabolic activities of the cell. The problem has 
been to determine which activities may, indeed, be critical. In approach- 
ing this problem, we have been investigating the pattern of metabolic 
behavior of constituents of the erythrocyte which may be important in 
the metabolism of the cell® **. 
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In our laboratory during the past few years, we, especially Dr. 
Lowy, have been concerned with the metabolism of adenosine tri- 
phosphate (atp) in the erythrocyte. ATP occupies a unique role in 
biologic processes. It serves as a specific coenzyme for many metabolic 
reactions, it is a precursor of some coenzymes and it is a mediator of 
energy transfer. 

The energy metabolism of the erythrocyte is primarily dependent 
upon the utilization of glucose that enters the cell from the plasma by 
an active transport mechanism in the course of which glucose is con- 
verted to glucose-6-phosphate. This reaction is catalysed by hexokinase 
and requires ATP as a specific coenzyme. It is known that the level of 
ATP declines progressively with concomitant loss of viability of eryth- 
rocytes which are stored im vitro, and that in media in which the atp 
content of the erythrocytes is maintained for a longer period, the via- 
bility of the stored cells is prolonged™. 

The biosynthesis and metabolism of arp in the mature mammalian 
erythrocyte in vivo were studied in order to determine which of three 
possibilities may obtain: 1) whether the arp of the erythrocyte under- 
goes metabolic turnover by synthesis or replacement or 2) whether 
each newly formed erythrocyte is released into the circulation with a 
fixed content of arp which might be depleted with age, or 3) whether 
the adenine of arp, like the hemoglobin of the cell, is metabolically 
stable during the life span of the cell. It is known that the high energy 
terminal phosphates of arp undergo rapid turnover in the erythrocyte. 
However, a limiting factor for arp formation could be the content of 
receptor molecules, i.e., adenosine mono- or diphosphate (AMP or ADP) 
for the attachment of one or more terminal phosphate groups. Conse- 
quently, the synthesis and metabolic behavior of the adenine of arp of 
the erythrocyte were specifically investigated. A group of adult rabbits 
received glycine-2-C™, a known precursor of the heme portion of 
hemoglobin and of the adenine portion of arp. At various time in- 
tervals, the animals were exsanguinated and, from the washed erythro- 
cytes, hemin and the adenine of atp were isolated and their specific 
activities determined*’. 

The curve obtained from the specific activities of the hemin is 
similar to that previously reported by Neuberger and Niven’ and yields 
a life span for the rabbit erythrocyte of approximately 65 days. In 
contrast to the relative stability of the hemin, the metabolic behavior of 
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Fig. 4—Specific activities of ATP-adenine and of hemin on rabbit erythrocytes 
following the administration of glycine-2-C™. 


the adenine of arp is clearly different, since the specific activity declines 
exponentially after several days and reaches a very low value after 
about 55 days (Figure 4). 

Several theoretically possible interpretations may be considered for 
this pattern of behavior of the adenine of arp: first, exchange of the 
erythrocyte atp with that of the plasma; second, de novo synthesis of 
the adenine of arp from simple precursors available to the circulating 
erythrocyte; third, exchange of the intact adenine moiety alone; fourth, 
exchange of the adenosine portion; and fifth, utilization of an inter- 
mediate compound having a partially formed purine ring structure, 


Vol. 36, No. 2, February 1960 


; 


I. Mf. LONDON 


Tasre Il. 


ATP-Adenine biosynthesis in rabbit erythrocytes in vitro from 5-amino-4- 

imidazole carboxamide riboside and sodium formate-C™. 

Rabbit erythrocytes (33 ml.) incubated in plasma (33 ml.) for 3 hours at 37°C. 
Coucentration 


mmole/hr/100 ATP-Adenine 
Tneubation suspension contains: ml. cells cpm /umole 
! / 


. Sodium formate-C' (40 microcuries) 0.2 
glucose, L-aspartic acid, L-glutamine 0.2 
glycine, sodium carbonate, inosine 0.1 


Sodium formate-C™ (40 microcuries) 6500 
L-aspartie acid, 5-amino-4-imidazole 

carboxamide riboside 
glucose 


supplied to the erythrocyte and subsequently converted to arp by 
the cell. 

The first possibility may be dismissed because of the absence of 
detectable arp in rabbit plasma, and because of the reported impermea- 
bility of the erythrocyte to this compound. 


The possibility of de novo synthesis of the adenine of arp has been 
investigated. In experiments in which the small molecule precursors 
were incubated with rabbit erythrocytes, no de novo synthesis of 
adenine of arp could be found. However, when 5-amino-4-imidazole 
carboxamide riboside and formate-C™ were incubated with the erythro- 
cytes, the adenine of arp was highly labeled (Table II). It can be shown, 
therefore, that in the rabbit erythrocyte, there remains the capacity to 
effect the final steps of de novo purine biosynthesis, in spite of an ap- 
parent inability to effect over-all de novo synthesis from the readily 
available simple precursors of the purine ring”. 

In recent experiments we have found that adenine itself is very 
readily utilized for arp synthesis in the rabbit erythrocyte, and adeno- 
sine is also utilized, though to a lesser extent. 

The physiologic significance of these findings remains to be defined, 
however. It is not known whether the carboxamide riboside or adenine 
or adenosine exists in the plasma in concentrations which would be 
significant for the biosynthesis of the arp of the erythrocyte. If they do, 
the question of whether the cells at the end of their life span have lost 
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the mechanism for synthesis of atp from these compounds remains to be 
investigated, 

The alternative interpretation of the arp-adenine curve is that of a 
decline in the concentration of atp in the erythrocyte during the aging 
process. Such a decline in arp concentration could occur as the result of 
a decline in the capacity of the erythrocyte to phosphorylate app, A 
decline in arp concentration might also occur if, during the aging of 
the erythrocyte, adenine nucleotides were lost and were not replace- 
able because of the lack of an intact purine biosynthetic mechanism, The 
loss of arp might contribute to the demise of the red cell in vivo as well 
as in vitro. Whether the arp of the erythrocyte bears a relationship to 
the aging process in vivo and whether it may be a determinant of the 
life span of the erythrocyte are subjects under investigation in our 
laboratory at present. (Since the delivery of this lecture, Lohr and his 
associates” have presented evidence that with aging of human erythro- 
cytes in vivo there is a decline in the concentration of arp and a con- 
comitant rise in the concentration of App.) 

A diminished formation of arp and of 2, 3-diphosphoglycerate has 
been described in the erythrocytes of patients with hereditary sphero- 
cytosis by Prankerd, Altman and Young*'. The diminution in the syn- 
thesis of these high energy phosphate compounds may reflect a dimin- 
ished capacity on the part of these cells to generate the energy required 
for the maintenance of the integrity of the cell or, more specifically, for 
the maintenance of the normal biconcave disc shape of the erythrocyte. 
With inadequate generation of energy and with inadequate maintenance 
of the normal shape of the cell, the spherocytosis which may result may, 
in turn, lead to the trapping of these erythrocytes in the spleen and to 
their premature destruction, That such trapping does, in fact, occur has 
amply been shown by Emerson® and Young™ and their associates. 

Finally, I should like to conclude with a brief discussion of a series 
of fascinating studies that have contributed a great deal to our under- 
standing of certain hemolytic anemias caused by sensitivity to drugs and 
other agents. It has long been known that the anti-malarial drug plasmo- 
chin may cause hemolytic reactions, particularly in colored peoples. 
With the introduction of primaquine, also an 8-aminoquinoline, similar 
hemolytic reactions were found in about 10 to 15 per cent of American 
Negroes, Alving, Beutler, Carson and their associates in Chicago have 
investigated the mechanism of these hemolytic reactions. (Reviews of 
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their studies and of related work in this country, in Israel and in Italy 
are presented by Alving et al.*, Larizza et al.® and Beutler®.) The Chi- 
cago workers established that the drug sensitivity is associated with an 
intrinsic defect in the erythrocytes of the sensitive subjects but that it 
is not associated with any alteration in osmotic or mechanical fragility, 
or with abnormal properties of the hemoglobin. Because young cells are 
much more resistant to primaquine than are the older cells, they sug- 
gested that the drug sensitivity might be due to a deficiency in an 
enzyme system that decreases in activity with aging of the cell, An 
important clue was the finding that the reduced glutathione content of 
drug-sensitive cells is low. This finding was of particular interest in the 
light of earlier studies by Fegler® and by Benesch and Benesch®* which 
indicated that the blocking of sulfhydryl groups could lead to lysis 
of erythrocytes, and in the light of the work of Dimant in our labora- 
tory who showed that the csu of human erythrocytes is in the dy- 
namic state, with a half-life of only four days”. 

Attention was then turned to the mechanisms responsible for the 
maintenance of GsH in its reduced form. It was known that Gsu is in 
equilibrium with oxidized glutathione (Gssc) and that the Gssc may be 
reduced to Gsu by the specific enzyme glutathione reductase. The 
coenzyme for this reduction is TpNH. In the mature erythrocyte, the 
major reactions in which Tpn is reduced to TPNH occur in the hexose- 
monophosphate shunt, namely the oxidation of glucose-6-phosphate and 
of 6-phosphogluconate. Carson and associates investigated these two 
reactions and found that in the erythrocytes of the drug-sensitive cells 
there is a marked deficiency of glucose-6-phosphate dehydrogenase”. 
Tpnu is therefore not regenerated at this step nor at the next step be- 
cause the shunt pathway is effectively blocked. 

It was soon established by Sheba, Szeinberg and their associates": ” 
in Israel, by Sansone and Segni™ in Italy and by Zinkham and as- 
sociates™ that the hemolysis caused by the ingestion of fava beans or by 
the inhalation of the volatile products of the fava plant is associated with 
a deficiency of glucose-6-phosphate dehydrogenase in the red cells of 
the sensitive individuals. Studies by various workers have revealed that 
the hemolytic effects of many compounds such as furadantin, naphtha- 
lene, acetanilid, para-aminosalicylic acid, sulfanilamide and acetophen- 
etidine may be associated with this enzymatic deficiency”. 

Population studies have so far demonstrated this genetic defect 
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among American Negroes", individuals of Italian® or Greek origin”, 
Orientals”, and Sephardic or Oriental Jews but not among Jews of 
European origin™, The defect is more common in males and appears to 
be inherited as a sex linked characteristic of intermediate dominance™ *, 

The prevalence of this trait among populations originating from 
malarial areas and the demonstrated need of cs for the growth of 
malarial parasites have prompted Motulsky and others” to suggest 
that individuals with glucose-6-phosphate dehydrogenase deficiency may 
be more resistant to malaria and that malaria and the enzyme deficiency 
represent a balanced polymorphic system. Since the enzyme deficiency 
and the low csu levels are more marked in older cells, one would ex- 
pect to find resistance to P. falciparum rather than to P. vivax, which 
preferentially parasitizes the younger cells. 

The intriguing questions of whether the low level of Gs leads to 
the destruction of the red blood cell and, if so, what the mechanism of 
this hemolysis is, or whether the changes in GsH and glucose-6-phos- 
phate dehydrogenase accompany a more fundamental defect which is 
as yet undetected, remain to be answered. 

But perhaps for the present it has sufficed to indicate some of the 
principal areas presently being investigated in the metabolism of the red 
blood cell and to call attention to the ramifications of red cell metabo- 
lism not only in medicine and biochernistry but in genetics and anthro- 


pology as well. 
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THE PRINCIPLE OF DECOMPRESSION 
IN SURGERY OF THE JOINTS* 


ARTHUR STEINDLERt 


Professor Emeritus of Orthopedic Surgery, State University 
of Iowa College of Medicine, Iowa City, Iowa 


I. INTRODUCTION 


groeseseseseSor having been able to resist your most flattering invita- 

tion to address this meeting, it is my duty to warn you 

that because of age and circumstances I am no candidate 

for the presentation of new and startling developments. 

easeseseseses My business has become entirely reflective on the basis 

of past experiences, So, if you expect a contribution in the ordinary 

accumulative sense, you will be disappointed; but if I can arouse your 

interest in reflections on joint surgery as it is practiced at present, and 

on the general principles under which it is to be practiced, you will, I 
hope, accept what I have to say. 

The real topic at hand is the principle of decompression in opera- 
tions on joints. I fully realize that a long way must be travelled before 
one is confronted with the decision whether or not to operate, and on 
this road one has to consider certain criteria and determinants which 
occupy a higher level in the biological scale than the one principle just 
mentioned, One of the higher determinants is reversibility; another, 
intimately related to it, is the biological status of the joint. 

Regarding the latter, I quote John Hunter? (1728-1793): “The 
only rational means of treatment are those which are based on the 
natural recuperative power of the body”, and we are all familiar with 
the distinction H. O. Thomas makes between a joint that is biologically 
sound and one that is unsound. The governing postulate stipulated for 
reconstructive operation on all joints is biological soundness, 1.e., 
absence and subsidence of all inflammatory reaction. 

Reversibility, in the anatomic sense, is not exactly identical with 
biological balance because active hyperemia is necessary for a joint to 


* Presented at the meeting of the Section on Orthopedic Surgery, The New York Academy of 
Medicine, December 8, 1958. 


+ Deceased, July 21, 1959. 
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recover from any reversible pathological condition, Repair is an active 
process. Biological balance, on the other hand, means absolute quiescence 
of all tissue, a truce on a status quo. 

If, in the presence of a complete biological balance or equilibrium 
of the tissues, some functional inadequacy or impairment remains, such 
as rigidity, blocked motion or painful motion, such deficiency is based 
on mechanical grounds: malalignment, contour defects, impingement 
and friction. 

The topic being “decompression in joint surgery”, the inference is 
that, by enlarging the free space between the joint constituents, func- 
tion can be improved and painless mobility established. Since decom- 
pression means release of pressure and friction, the further inference is 
that the joint has lost its normal resistance to pressure stresses and 
friction, or is, because of certain pathological changes, exposed to 
pressure and friction beyond normal physiological limits, e.g., a free 
body in the knee joint. 


If the operative indication for joint reconstruction thus rests pri- 
marily with the soundness of the tissues, the reason is mainly that only 
such a joint can bear comparison with the stress resistance of a normal 
joint. To relate the resistance of a joint with progressing pathological 


changes with the normal is futile because the unit resistance varies in 
fantastic and incomputable limits, as does, for example, the sclerotic 
bone in osteoarthritis contrasted with the pliable osteomalacic bone or 
the friable cartilage of the chondromalacic patella. 

But in neither instance does the stress resistance approach normal 
values. The two mechanical forces to which the joint must be tolerant, 
if reversion to normal function is to be expected, are pressure and 
friction, and the two structures primarily involved are bone and 
cartilage. The synovial membrane and its reinforcements are the prin- 
cipal factors in the irritative inflammatory stage but they are also most 
sensitive to degenerative changes in cartilage and bone. This is shown 
in the osteoarthritic joint where, on opening the joint cavity, one seldom 
fails to find the synovial membrane hyperemic and infiltrated. 

The joint fracture belongs in the group of quiescent joints until 
an inflammatory reaction intervenes. The reaction is the secondary 
event. An inflammatory joint takes the opposite course; the synovial 
reaction is primary and the biological equilibrium or quiescence 1s see- 
ondary. 
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Some information relative to the pressure and bending resistance of 
bone is at hand. In their classical experiments Evans and Lissner?, using 
a lacquer sensitive to 0.0018-0.0012 per inch, observed the first cracks 
under a static load of 720 lbs. on the convexity as tension stresses, and 
fractures occurred under a load of 1280 lbs. This is certainly not too 
high a figure, considering that the muscular pressure on standing on 
one leg exceeds twice the superincumbent body weight. And for a 
dynamic load (falling weight), the first crack appeared under an im- 
pact of 15 inch-pounds. 

So far as cartilage is concerned, much has been studied and written 
about the normal resistance, but almost all data refer to the effect of 
perpendicular pressure. The old Benninghoff* concept illustrates the 
pattern of resistance on the basis of the perpendicularity of the cell 
arrangement in the deeper layers and tangentiality in the superficial 
layers. The more recent pattern of MacConnaill* lays emphasis or the 
so-called hoop tension, that is, the lateral expansion which a vertical 
compression produces in the cartilage. 

Furthermore, we have valuable data from Hirsch’s® experiments on 
the pressure resistance of cartilage, and especially from his demonstrat- 
ing that the pressure resistance is intimately related to the duration, as 
well as to the amount, of pressure. 

It is submitted that joint cartilage is even more susceptible to tan- 
gential wear, i.e., friction, than it is to pressure. There are no comparable 
data available regarding this type of stress resistance of cartilage, but 
that a resistance against tangential strain is provided for by nature is 
evidenced by Langer’s line of cleavage. Furthermore, the friction effect 
is shown by the tangential type of fraying and tasseling one sees in the 
earlier stages of cartilage degeneration. 

The absence of synovial fluid resulting from tight contact further 
increases friction, A fluid film lubrication prevents, during motion, 
direct contact of the cartilage-covered surfaces of the articulating bod- 
ies. This materially facilitates joint movement, while any reduction of 
the viscosity accelerates wear and tear (MacConnaill*). 

Reversibility depends on how, and to what extent, cartilage worn 
off by tangential friction can be replaced. Only the smaller and most 
superficial defects are replaced by hyaline cartilage; the deeper and 
larger ones are filled out from the depth of the subchondral bone if 
central, or the synovial membrane if peripheral, and the substituting 
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tissue is fibrous or fibrocartilage. Bone or calcified cartilage exposed in 
joints, without fibrous tissue overlying it, does not appear to survive. 

This points to the importance of free formation of connective 
tissue, either operatively by direct interposition between the denuded 
joint constituents or by producing gaps into which fibrous tissue may 
freely enter. To maintain such a diastasis is no easy matter. It requires, 
pending the formation of the connective tissue cushion, not only the 
elimination of gravity for the weight-bearing joints, but also requires 
measures to counteract the muscle tension which produces intra- 
articular pressure in all joints. 

That avoidance of pressure by traction, and of friction by im- 
mobilization, is able to preserve joint function by limiting the mechan- 
ical effect on wear and tear even in joints which are still biologically 
unsound, is a common experience for any orthopedic surgeon. 

We are even reminded of the old Sayre traction splint or H. O. 
Thomas hip frame. No doubt, they have to their credit some cases 
which have reverted to a stage of preservation of motion. 

This is not to be interpreted as advocating the old traction treat- 
ment for hip disease. In most cases the process is not halted and the 
ultimate solution is fusion, spontaneous or operative. The fault lies not 
in the method but in the selection of the case. There are plenty of other 
inflammatory conditions, less progressive and with a wider range of 
reversibility which are attaining functional repair under such manage- 
ment. And speaking of selection, it is strange, when looking over the 
enormous literature on joint surgery, especially the arthroplasties, to 
find so much space devoted to technique and, comparatively, so little 
consideration given to the selection of cases. 

It has been stipulated that reconstructive operations on joints such 
as arthroplasties should be reserved for articulations in a state of bio- 
logical balance in which the obstacle to fuiction, that is, painless mo- 
tion, is essentially of mechanical nature. To the postulates of soundness 
of the joint and the removal of joint pressure and friction, one should 
add another one, namely, the preservation or reestablishment of 
muscular balance both for the purpose of active motion and of passive 
stabilization. 

The validity of these premises for the restoration of painless joint 
function can be shown in a number of situations. | must content myself 
with the discussion of some of the more common instances. 
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Il. THe Hip 


If the above-mentioned requirements of soundness and elimination 
of pressure and friction are accepted, it would mean that operative 
reconstruction of the hip joint should involve: 

1) In the case of osteoarthritis, the ablation of all diseased bone 

down to the deepest situated subchondral cyst. 

2) In the case of traumatism, i.e., fracture of head or neck of the 
femur, the removal of such bone as is likely to succumb to ne- 
crosis or osteolysis, including detached bone splinters of the 
proximal end. 

3) In all conditions it would mean the subsidence of synovial re- 
action or at least a stage where such a reaction can be expected 
to decrease and to reach a status of biological equilibrium by the 
time the joint function is resumed. 

It is hardly necessary, under the conditions, to point out the differ- 
ence in results between the traumatic and the arthritic hip joint, so far 
as arthroplasty is concerned. By general agreement, the results in the 
traumatic case are far superior to those in the arthritic joint. And small 
wonder. The traumatic hip is biologically sound and its structures are 
in state of quiescence, which is only disturbed secondarily by the 
hyperemic reaction which follows the injury. The arthritic joint is un- 
sound, and even when all obviously diseased portions have been re- 
moved, the area of inflammation is not strictly defined by gross ana- 
tomical changes. 

How much tissue must be removed to get into sound areas and are 
the changes in diseased areas reversible? 

Harrison, Schajowitz and Trueta® find that the commonest sites of 
degenerative changes are those parts which are little, if at all, exposed 
to stresses and strain, and that the formation of osteophytes is limited 
to areas in the joint which are not weight bearing. But, as the authors 
themselves point out, this is no argument against the effect of pressure 
on degeneration, since the osteophytes are not a sign of degeneration 
but on the contrary represent a frustrated attempt of nature at regen- 
eration by revitalizing enchondral ossification. 

When under the influence of pressure, the degenerating articular 
cartilage becomes gradually thinned out and is invaded by subchondral 
vessels. The outstanding feature in advanced osteoarthritis is the hyper- 
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vascularity; and, when under muscle spasm and capsular shrinkage and 
thickening the range of motion is restricted, it is the increased pressure 
over a more concentrated pressure area which results in flattening and 
breaking down of the head. It is under this excessive pressure and fric- 
tion that the non-calcified cartilage becomes destroyed in its full thick- 
ness and the head becomes denuded at the pressure-bearing area. 

The capsular changes in osteoarthritis of the hip joint must explain 
most of the pain phenomena, as it is common knowledge that, of the 
structures constituting the joint, the synovial membrane and especially 
the capsular reinforcements are by far the most sensitive to tension and 
stretching. Congestion of the synovial membrane is an early event and 
one can hardly find an osteoarthritic joint without synovial hyperemia. 

Lloyd-Roberts’ found engorged hypertrophied villi, fibrosis of the 
capsule spreading to adjacent muscles and occasional calcification. The 
synovial membrane contains debris, the sources of which are the 
articulating surfaces. 

We have stated that to arrive at sound bone, the subchondral cysts 
must be included in the resection, It is the general opinion that the cysts 
which are surrounded by dilated vessels contain debris of necrotic bone: 
the Triimmer cysts of Pommer. Whether they are primary interosseous 
in origin, or are formed by intrusion of synovial fluid into the substance 
of bone, as suggested by Landells*, they are definitely under pressure 
effect and facilitate the collapse of the femoral head. 

In earlier days little thought was given to interposition methods in 
cases of fracture of the hip. The arthroplasties on record concerned 
inflammatory conditions exclusively and resections were made with an 
eye to congruency rather than interposition; but still there was no 
crowding or jamming of the joint constituents. When interposition 
came with Lexer, Putti, Murphy, etc., the fashioning of the joint pro- 
vided for sufficient diastasis. 

Putti® reported good results with fascial interposition arthroplasty 
for hip, knee and elbow, finding them best in traumatic arthritis, and 
he advised restricting the procedures to those between 20 and 50 years. 
He attached great importance to postoperative traction and to quies- 
cence of the tissue, i.e., biological equilibrium, warning against pre- 
mature intervention. In his scale of suitable joints he places, 1) elbow, 
2) knee, 3) jaw, and 4) the hip. In 1921 he reported 113 cases. In the 
meantime, favorable reports on hip arthroplasty with free fascial inter- 
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position came from Payr, Hey Groves, McAusland, Dickson, Campbell 
and others. Baer’, using his chromicized pig’s bladder interposition 
method, reported good results in 80 per cent of 100 arthroplasties in all 
types of cases, including even those with inactive tuberculosis—though 
he also strongly emphasized quiescence. 

A later report is that of W. C. Campbell", with 10 excellent results 
in 15 selected cases of postpyogenic or traumatic ankylosis in state of 
quiescence, 

Probably one of the largest series of fascial interposition arthroplas- 
ties of the hip joint is that reported by Speed and Knight"*, in which 
emphasis is laid on creating a definite joint space or diastasis and on 
smooth lining. The bone ends became covered with fibrocartilage; no 
hyaline cartilage could be demonstrated, and the structures resembled 
those seen in pseudarthrosis, 

In this report, based on 225 cases, these authors found the minimum 
range of motion obtained was 40° flexion and 50 per cent abduction. 
In their fascial arthroplasties performed for postpyogenic or traumatic 
ankylosis, 40 per cent were entirely free from pain and 20 per cent had 
mild pain, an acceptable result of 60 per cent functional improvement. 
Our own old statistics of 1942( Fuiks'*) show, for fascial interposition 
arthroplasty of all joints, an over-all result of good in 37.7 per cent, fair 
in 32.7 per cent; an acceptable percentage for relief of pain and for 
motion of 70 per cent. Specifically, for the arthroplasty of the arthritic 
hip, practically all for relief of pain, the results were good in 46.66 per 
cent and fair in 4o per cent, a total of 86 per cent. I do not venture to 
state how these figures compare with the metallic interposition method, 
cup or prosthesis, which are in use today, in cases of malum coxae. But 
one is entitled to wonder whether the old-fashioned fascial interposi- 
tion technique of arthroplasty has not been abandoned too early in 
favor of the cup or prosthesis. May I also remind you that Colonna’s 
trochanteric reconstruction in cases of neck absorption, as well as his 
operation for congenital dislocation of the hip, are both arthroplasties 
in which either capsular tissues only, or nothing, is interposed between 
head or neck and where the acetabulum 1s still covered and protected 
by intact cartilage, not to speak of the old methods of Albee and 
Whitman of the removal of the head, in fractures of the neck of the 
femur, 

The question arises, is it necessary to interpose tissue at all, provided 
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the diastasis can be maintained during the convalescent period? Fifty 
years ago Hoffa reported such a case without interposition, in which 
he states that the patient was able to take two-hour walks. This is no 
argument for omitting interposition altogether, but it is an argument 
for maintaining diastasis. 

Here is a case in point: H.S., a man of 60 years, was seen in March 
1953 for bilateral painful osteoarthritis of the hips. A Judet prosthesis 
was inserted into the right hip joint but this failed to relieve the pain. 
This was followed by an attempt at arthrodesis which also failed to 
produce an ankylosis but did result in a painless, moderately mobile but 
stable hip joint. Then the left hip became severely painful. Here the 
head was simply resected and the stump placed in the socket. This also 
resulted in a painless hip. 

I have discussed at some length the problem as it applies to the hip 
joint because this joint exemplifies more clearly than any other the 
three principles required for a successful arthroplasty: sound tissue, 
decompression and muscular balance. 

This third postulate, of restoring muscular balance, is predicated 
in the arthritic hip by the fact that normal balance is already over- 
thrown before the operation; in the traumatic case, it is likely to occur 
during convalescence. The dysequilibrium is in favor of the hip flexors 
and outward rotators, Spastic contractures, if they existed prior to a 
decompression arthroplasty, are likely to persist after operation; the 
traumatic cases likewise have a tendency to contractures, which must 
also be managed by proper after-treatment: traction and gentle manip- 
ulation. 

Even after a simple synthetic nailing of a fractured hip, I have seen 
such contractures develop if no postoperative precautions were taken. 
The flexion contracture of the hip then becomes compensated for by a 
flexion contracture of the knee to secure parallelism of the legs. 

The Metallic Interposition. In perusing the extensive literature on 
arthroplasty, both the older report on the fascial interposition and the 
more recent ones on the cup and prosthesis, one is struck by the dis- 
crepancies regarding both indications and end results. 

One notices particularly the differences between the statistics on 
fascial interposition of the earlier surgeons and those of the newer set. 

But among the surgeons using cup and prosthesis, there are also 
far reaching differences which involve the principles we have set forth, 
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namely, decompression diastasis, traction and muscular balance. The 
controversial points include: tight fit or loose fitting, gap or no gap, 
traction or early weight bearing, soundness of material or preservation 
of stock. 

The argument raised by Smith-Petersen’® for the use of the vitallium 
cup was the high percentage of failures resulting with the use of fascia 
lata and other “perishable goods” as he called them. In 1948 he reported 
good results in malum coxae, in traumatic cases and in old septic hips. 
In the latter the results were good only when there was no _post- 
operative flareup, which implies preoperative quiescence. He insisted 
on loose filling of the cup and its free movability against both head and 
socket, which again is a point for avoidance of pressure and friction. 
Whether the percentage of good results with the cup materially ex- 
ceeded that given above for the fascial interposition is not for me to 
decide. But the results are persistently considered acceptable: Bickel 
and Babb*® in 217 cases reported results as very good in 19 per cent 
and good in 35 per cent, a total of 54 per cent, and in the large series 
of Law", 182 cup arthroplasties for malum coxae, the percentage of 
good results was as high as 80 per cent. In a recent report Aufranc"® 
considers the use of the vitallium cup the operation of choice in trau- 
matic arthritis or degenerative arthritis, and while he adheres to the old 
Smith-Petersen phrase of preserving “stock”, he provides for free mo- 
bility as well as ample resection, and states, in fact, that where too exten- 
sive resection is required the cup will have to yield to the prosthesis. 
Aufranc’s series is the largest so far published on the vitallium mold, 
reporting on 1000 cases with satisfactory results in 810, or 81 per cent. 

The question of freedom of motion and avoidance of friction also 
enters in the introduction of the acetabular mold of Urist™. Its use is 
also based on the fact that the artificial socket is shallow enough to 
allow the head to separate from the pelvis and that the soft tissue 
formed in this acetabulum favors the retention of a joint cavity. In 48 
arthroplasties, using the acetabular mold, only five revisions became 
necessary and of the 12 procedures done there were one good and ten 
excellent results, two or three years after operation. 

His method thus recognizes the principle of diastasis and avoidance 
of friction between head and socket as well as the principle of muscular 
balance; the latter is the only means of stabilization, 

The only dissenter I could find is Adams”. He ascribes the pain 
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occurring after conventional cup arthroplasty to ill fitting of the joint 
constituents and excessive clearance, with displacement of the axis of 
movement. He maintains that, due to the marked incongruency of the 
contacting surfaces, weight-bearing pressure becomes concentrated over 
a small area. From what we know of the source of pain in the hip joint 
and the pain-producing structures, it is hard to believe that it comes 
from the eccentricity of the femoral head in the socket. At any rate, 
this author uses a snug-fitting cap over the head, a precise mold without 
turned-out edges. Of 24 cases reported, he had good results in 22, with 
regard to both mobility of the joint and absence of pain. 

So far as the prosthesis is concerned, whether acrylic or metallic, the 
results obtained closely approach, percentage-wise, the results obtained 
with other methods, provided the indications for its use are restricted 
to traumatic and arthritic cases. Let me refer only to D’Aubigné*! who 
reported a series of 621 arthroplasties, including 131 traumatic cases 
and 264 with osteoarthritis. Of 243 cases under observation for one year 
or more, the traumatic cases obtained good or very good results in 43 
per cent, the nontraumatic cases in 59 per cent. Deteriorations, if any, 
all occurred during the second year, Wilson”, as the result of four and 
one-half years’ experience with the use of the metallic prosthesis in 150 
cases, prefers the prosthesis to the cup. He reports good results in 21 
of 24 cases of osteoarthritis, in 9 of 11 cases of aseptic necrosis and in 
8 of 12 cases of ununited fractures. 

I have no inclination whatever to enter into a controversy as to 
which is preferable, cup or prosthesis. My reason for this is simply 
that, in my opinion, the methods are not substitutional or interchange- 
able, but are complementary. Each has its own field of usefulness, When 
the condition requires little removal of diseased tissue, the cup is no 
doubt preferable; if more extensive removal is necessary, the cup is not 
practicable and the prosthesis will have to be used. Devas”’, reporting on 
110 arthroplasties, compares his results obtained with the cup with those 
obtained with the prosthesis. The figures presented are rather unfavor- 
able to the prosthesis—43 of 64 cups and only 21 of 47 prostheses gave 
satisfactory results, But since this author observes that one of the factors 
favoring the use of the cup is the conservation of living bone, it is 
obvious that the degree of sacrifice of diseased bone should determine 
the choice. If it is true, as I believe, that the two methods are comple- 
mentary and not substitutional, if the prosthesis has to be used in situa- 
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tions in which, because of the amount of tissue removed, the cup is no 


longer applicable, then a comparison of the two methods loses all its 
meaning. 


Il. THe Kner 


As we turn from the hip joint to the other two large joints of the 
lower extremity, the knee and ankle, it is well to realize that, from 
proximal to distal, the requirement of mobility decreases, while that of 
stability increases. The hip has three degrees of freedom of motion, i.e., 
movement in three planes perpendicular to each other: flexion-extension, 
ab- and adduction and medial and lateral rotation. 

The knee joint has two degrees, flexion-extension and rotation; 
the ankle joint has only one, flexion-extension. To provide for this 
increasing amount of stability is the function of extra-articular struc- 
tures, the reinforcing ligaments and the muscles. Under these circum- 
stances the principle of diastasis takes on an aspect different from its 
role in the hip joint. In an otherwise sound joint, where friction and 
pressure can be removed without ligamentous or muscular relaxation, 
the outlook for painless knee function is considerably better following 
conservative resection than can be expected where larger masses of bone 
must be removed to establish an artificial joint. 

1) Relief of Pressure without Osteoplasty. There are two types of 
operations most commonly used in the knee joint which are designed to 
remove mechanical obstacles and to prevent irritation by friction. To 
the first group belongs the removal of semilunar cartilages or free joint 
bodies. To the second group belong the synovectomies and patellec- 
tomies, total or partial. 

I do not propose to “carry coals to Newcastle” by discussing the 
rationale and indications for meniscectomy and free body removal. It 
can well be argued that the conditions for meniscectomy and free body 
removal are different from those in which synovectomy and patellecto- 
my are indicated. The former are primarily sound joints, at least in a 
biological sense. Synovectomy and patellectomy are performed in 
primarily sound joints; but there is no strict line of differentiation. A 
primarily sound joint reacts to a continuous mechanical irritation with 
degenerative changes, as is the case in semilunar injuries or free bodies 
of longer duration. The tolerance of a primarily sound knee joint to 
mechanical irritation has definite limits. 
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The tolerance of cartilage to pressure in a primarily sound knee joint 
has been amply investigated by Carl Hirsch, relative to both amount 
and duration of pressure. There is one situation involving the knee 
where the elements of pressure and friction are much in the fore- 
ground: chondromalacia of the patella. Much controversy has arisen 
as to what effect removal of the patella has on the function of the knee. 
There are those who deny any effect at all but there are also those who 
maintain that the function of the knee is severely interfered with. As 
usual, the truth lies somewhere in the middle. The extensory power is 
certainly somewhat impaired, but there is only some laboratory evidence 
of progressive osteoarthritic changes following patellectomy, Duthie*, 
of Glasgow, found no evidence that excision of the whole patella pro- 
duces an arthritis of the joint in the human, as it does in animals, but 
he did observe such arthritic changes in partial excisions. Of all cases 
in whom the whole patella was removed through a vertical incision, 
there was only one who could not fully extend the knee. 

The experience of West and Soto-Hall* is similar. They performed 
their patellectomies for recurrent dislocation of the patella. All of their 
20 patients resumed their normal activities and 21 of their 22 patel- 
lectomies ended with a good functional result. From experimentation on 
dogs, DePalma and Flynn** concluded that hemipatellectomy resulted 
in progressive degenerative changes in the knee, while these changes 
occurred much less extensively after total removal. 

Referring to our own statistics, we had 70-80 per cent good results 
from total patellectomy, which included both traumatic cases, in whom 
a partial patellectomy would be entirely illogical, as well as cases of 
chondromalacia. 

It is somewhat diffcult for me to agree with McKeever’s*’ concept 
that removal of the patella leads to a functional deficiency and that the 
knee needs the protection offered by this bone. With or without addi- 
tional synovectomy or meniscectomy, he proceeds, after ablation of 
the degenerated cartilage, to supplant the defect with a prosthesis, re- 
porting 40 cases operated successfully. Because the effect of the addi- 
tional operation is not differentiated, I find it somewhat difficult to 
evaluate the procedure, which was employed for both uncomplicated 
fractures and chondromalacia. At any rate, the element of decompres- 
sion would be lost in this procedure. 

2) Relief of Pressure with Osteoplasty. Fascial interposition arthro- 
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plasty of the knee has many competent advocates. Review of the several 
methods shows clearly that, to the extent to which the principles of 
decompression and diastasis are complied with, the difficulty with sta- 
bility and muscular balance increases, Campbell**, who submitted a large 
series of 113 cases, suggested a compromise. His indication for this 
operation was ankylosis following acute pyogenic infection, a single 
knee ankylosed in extension, or not over 40° flexion. In this group, so 
selected, he had 80-94 per cent good results. The reason for the selec- 
tion on the basis of deformity is obvious. The extensive resection re- 
quired in excessive flexion ankylosis would, aside from technical diffi- 
culties, make it impossible to obtain for the extensor apparatus the mus- 
cle tone necessary for stability. And, except for a neuropathic joint, 
an unstable knee is never painless. 

For long range observation one should mention the report of Sam- 
son**, who observed the results of his fascial interposition for from ten 
months to 29 years. In 70 per cent of his earlier series with long range 
periods of observation, the results were “good” and “excellent” with 
regard to pain and stability, the gonorrheal and pyogenic ankylosis 
being the special indication. 

Probably the largest series reported is that of Speed and Prout*, 
with 176 fascial arthroplasties of the knee, of which 65 cases were 
observed for five years or more. The selection was pyogenic or trau- 
matic with over-all satisfactory results in 70 per cent. 

More recent reports are those of Hass**, who uses a technique of 
wedge-shaping the femoral condyles, and who, in nine cases of fascial 
interposition arthroplasty, observed for a minimum of five years, ob- 
tained excellent or good results in six, i.e., 67 per cent, the best in 
traumatic cases. And here the matter must rest for the time being, until 
we have more complete information on the prosthetic appliances used 
in the knee which have finally made their long-expected appearance. 
There is some evidence that the prosthesis works well. Shiers** reported 
two cases, observed for more than one year, in which a stainless 
steel prosthesis was used, resulting in a stable and painless knee. 


IV. Tue AnK te Jormnt 


The ankle joint may well be eliminated as suitable for decompres- 
sion procedures as they apply to arthroplasty. The reason is that the 
joint depends much more on stability than on mobility. Patients with 
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an ankylosed ankle joint in good position walk well, provided there are 
no complications involving other joints and provided the ankylosed 
joint is and remains sound. An exception is the fracture of the talus, 
when comminution is so extensive as to make the arthrodesis of the 
ankle and the subastragalar joints impracticable, Astragalectomy is a de- 
compression procedure. It is an arthrorhisis, i.e., the range of motion is 
limited to an arc which is adapted to the available muscular control, 
hence its usefulness in the paralytic pes calcaneus. But, it is also pain- 
relieving, because the tibia is buffered in by soft tissue front and back. 
I have seen such cases walking without pain for 20 and 26 years. 


V. Tue Jot 


Diastasis and decompression are much more easily accomplished in 
the joints that bear no weight. 

Removal of the head of the radius in comminuted fractures or frac- 
tures with displacement as stipulated by Watson-Jones and others is 
now so generally accepted that nothing more need be said. The friction 
element is removed and with it the danger of a traumatic arthritis, 
which otherwise is almost certain to develop. 

The removal of a displaced humeral condyle parallels the former 
situation. In both, the joints are biologically sound and will remain so, 
as long as friction can be avoided, either by anatomic reduction, closed 
or operatively, or by removal of an irritating fragment. 

A more complex situation is that associated with ankylosis of the 
elbow and the problem of its operative mobilization. M. Lange* con- 
siders that, of all joints, the elbow is the most suitable for arthroplasty, 
and splendid results have been reported earlier by F. Lange (1928), 
Payr (1910), Lexer and others, F. Lange** in particular reported ex- 
cellent results in traumatic ankylosis, in old fractures where motion is 
blocked by callus, and he pointed out that the typical procedure of 
resection and fashioning of joint bodies gives better results than the 
laborious resection of spurs and callus masses: in other words, the crea- 
tion of ample free space. That the prospect of good results following 
arthroplasty of this joint is better than that of hip and knee is obvious. 
Albee** considered the elbow the joint most suitable for arthroplasty, 
the traumatic cases being more favorable than those post-inflammatory; 
while Ryerson® obtained the best results in gonorrheal ankylosis. Our 
OWN Statistics on 30 cases, with 34 cases of extension ankylosis, show 
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good and excellent results in 60 per cent, fair and poor in 4o per cent. 

Hass** uses his method of giving the proximal joint constituent a 
wedge shape, transforming it into a simple form of ginglymus, While 
he also feels that function can be restored without any interposition, 
a point already demonstrated by Hoffa for the hip joint, he uses fascia 
as interposition material. In 15 cases he obtained excellent, and good 
results in 73 per cent. 

Most surgeons today rely on fascial interposition but a prosthesis 
may be expected any day, if it has not already arrived as is the case in 
the knee. 


VI. Tue SHouLDER-ARM ComMPLEx 


1) The Acromioclavicular Joint. In a study on the degenerative 
changes in the sternoclavicular and acromioclavicular joints, based on a 
rich anatomic material, De Palma*’ finds that degenerative changes 
begin simultaneously at both the acromion and the clavicle after the 
first decade and rise rapidly to the fifth decade, far surpassing, in 
frequency and degree, analogous changes in the sternoclavicular joint. 
The cartilage may be completely eroded in some areas, exposing the 
subchondral bone, and a common finding is the presence of marginal 
elevation of osteophytes. The reason why profound changes are found 
in this articulation, when at the same time those of the sternoclavicular 
joint are not significant, is explained by De Palma by the role played 
by the intra-articular disc. In the sternoclavicular joint this disc is 
constant and complete, and acts as a buffer to protect the joint, as do 
similarly the semilunar cartilages of the knee. In the acromioclavicular 
joint, on the other hand, the disc is inconstant, always incomplete, often 
missing, and when present does not protect the joint as the sterno- 
clavicular disc does. This, in De Palma’s opinion, explains the high 
incidence of arthritis with clinical manifestations. From the kinetic 
point of view, there is also good reason why the friction effect in this 
joint exceeds that of the sternoclavicular, For one thing, it is the joint 
which contributes a large increment to the range of motion in the 
fore and backward swing of the arm (60°) where the acromial facet 
grinds around the clavicular end. The stability of this joint, according 
to Urist, depends mostly on the superior acromioclavicular ligament 
and not on the coracoclavicular, Urist’s method of dealing with the 
dislocated joint is to detach the coracoclavicular ligament from the 
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coracoid and to fasten it over the articulation to the acromion. 

A second point in kinetics is the following: As the arm is abducted 
and the coracoid process of the scapula rotates downward with the 
outward rotation of the shoulder blade, and thereby becomes separated 
from the clavicle, the coracoclavicular ligament becomes tight. This 
would prevent further abduction, were it not for the fact that the 
clavicle rotates in a longitudinal direction in such a way as to relax the 
coracoclavicular ligament in both its portions, which are attached to 
the posterior lower rim of the clavicle. This, as Inman has shown, 
makes further abduction possible. | 

The gist of the matter is that, in the interest of a full and painless 
function of the shoulder girdle complex, the mobility of the acromio- 
clavicular articulation must be preserved. To fuse the joint by arthro- 
desis for arthritic or traumatic reasons does not seem logical at all. 
On the other hand, a resection of the clavicular end, which removes 
all friction, not only provides a painless motion but it actually increases 
the abduction range. When in poliomyelitis one is compelled to per- 
form arthrodesis of the shoulder because of the lack of any available 
abductory muscle power, resection of the clavicular end of the joint 
actually increases the abductory range because it increases the mobility 
of the scapula against the clavicle. We have, therefore, made it almost 
a routine procedure to add acromioclavicular resection to the arthro- 
desis of the glenohumeral articulation. 

2) Another instance of the friction element interfering with pain- 
less motion is that found in periarthritis of the shoulder, where inflam- 
matory swelling and calcium deposits form a mechanical obstacle to 
abduction. The well-known Codman sign of impingement is a friction 
phenomenon, Resection of the acromial border and, if necessary, divi- 
sion of the coracoacromial ligament, frees the passage and gives 
clearance. A conservative resection of the acromion halfway between 
the free border and the acromioclavicular joint may be sufficient, 
according to McLaughlin, but others, like Armstrong’, advocate a 
total resection to or even beyond the ligaments and capsule of the 
acromioclavicular articulation to avoid the formation of secondary 
friction-producing bony spurs. 

In our experience, one problem is the restoration of muscle balance 
after the deltoid has been separated from the central portion of its 
origin. Unless one is careful to provide for solid and tight reanchorage, 
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the result may be a painless shoulder but it may also be a weak one, 
with loss or diminution of active abduction. 

3) The Arthroplasty of the Glenohumeral Joint. Soundness of the 
tissue remaining, diastasis and muscle balance are the indispensable 
stipulations. 

The requirement of sound tissue in this region parallels that essential 
for arthroplasty of the hip joint. The need for diastasis and free space 
causes little difficulty, since the weight of the hanging arm provides 
sufficient traction, The more difficult problem is how to restore muscle 
balance so that not only a painless but also an actively movable joint 
can be obtained. In contrast to the hip joint, the rotators are attached 
close to the humeral head and without them not only rotation but also 
abduction is impeded, because the muscles act as stabilizers of the joint, 
preparatory to abduction. 

The idea of restoring motion of the shoulder joint by arthroplasty 
is nothing new. Payr*® worked out a meticulous technique but the 
literature contains little on the old-fashioned interposition arthroplasty 
of the shoulder joint. The advent of the prosthesis technique has 
changed the situation. The newer types of prostheses provide for the 
anchoring of the detached rotators, Neer*® has reported good results in 
11 of 12 cases of fracture dislocation. However, it remains to be seen 
how enduring the anchoring of live tendons to inert foreign material 
will prove to be. 


VI. Tue Wrist Jot 


In the series of joint decompressions, certain pain-relieving pro- 
cedures on the wrist should be included. Whatever the condition, 
aseptic necrosis or nonunion, the bone lesion is painless. The pain is 
exclusively the result of joint irritation accentuated by friction. 

1) Pain relief in ununited fractures of the scaphoid. While more 
aggressive methods are needed to obtain union, it is of interest that the 
mere removal of the radial styloid, Friedman’s styloidectomy, relieves 
pain by decompression so long as no traumatic arthritis has developed. 

2) In the latter case decompression must go farther, i.e., removal of 
the scaphoid; but here also the arthritic changes should be limited to 
the radioscaphoid joint. 

3) In aseptic necrosis of the lunate, removal of the bone is likewise 
a decompression procedure forestalling secondary traumatic arthritis. 
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4) Extensive arthritis involving both carpal rows calls for fusion, 
and we have found the method of Kayfetz-Robinson the simplest and 
most effective procedure. 

The purpose of this presentation is to lay before you the under- 
lying principles governing joint mobilization procedures, independent 
of what technical methods may be selected for the specific case: the 
removal of diseased tissue and the establishment of a new joint in sound 
structures; the creation of a space sufficient for the prevention of 
pressure and friction and providing for the ingrowth of interposed 
soft tissue; and the reestablishment of proper muscular balance to 
ensure adequate motion as well as stabilization of the joint in neutral 
position. 

Neglect of any of these principles may lead to failure; an unsound 
joint may cause a flareup; lack of diastasis may be followed by rigidity 
and lack of muscular balance may result in contracture. 

These are not the only biological conditions upon which a success- 
ful arthroplasty depends; circulatory deficiency and osteoporosis, 
among other factors, may also affect the operative results. 

[ have tried to emphasize the importance of the principle of diastasis 
in arthroplasty, since, together with proper selection of cases and 


proper use of the appropriate operative procedure, successful results 
are almost entirely dependent on observance of this principle. This is 
not to imply that other principles which govern reconstructive surgery 
are not equally essential. But I submit that, by and large, most errors 
result from neglecting the stipulation which requires prevention of 
friction and pressure and which also requires creation of ample joint 
space and articular constituents well cushioned by interposed soft tissue. 


REFERENCES 


Hunter, J. Works of John Hunter, J. F. 5. Hirsch, C. A contribution to the patho- 
Palmer, edit., London, Longman, 1837. genesis of chondromalacia of the 
Evans, F. G. and Lissner, H. R. “Stress- patella, Acta chir. scand. 90 (Suppl. 
coat” deformation studies of the femur 83): 1-106, 1944. 

under static vertical loading, Anat. Rec. i. Harrison, M. H. M., Schajowitz, F. and 
100 :159-90, 1948. Trueta, J. Osteoarthritis of the hip: a 
Benninghoff, A. Lehrbuch der Anatomie study of the nature and evolution of 
des Menschen, Vol. 1. Muenchen, J. F. the disease, J. Bone Jt. Surg. 35-B :598- 
Lehmann, 1939. 626, 1953. 

MacConnaill, M. A. The movements of . Lloyd-Roberts, G. C. The role of cap- 
bones and joints, J. Bone Jt. Surg. sular changes in osteoarthritis of the 
33-B :251-57, 1951. hip joint, J. Bone Jt. Surg, 35-B :627- 


Bull. N. Y. Acad. Med. 


: 

i 
; 

2 

= 
3. 

au 
q 


DECOMPRESSION IN SURGERY OF THE JOINTS 


Vol 


16. 


19, 


20. 


#2, 1953. 

Landells, J. W. The bone cysts of 
osteoarthritis, J. Bone Jt. Surg. 35-B: 
643-49, 1953. 

Putti, V. Arthroplasty, J. orthop. Surg. 
3 :421-30, 1921. 

Baer, W. S. Arthroplasty of the hip, 
J. Bone Jt. Surg. 8:769-802, 1926. 
Campbell, W. C. End results of arthro- 
plasty of the hip joint, J. Bone Jt. 
Surg. 9:331-45, 1927. 

Speed, J. S. and Knight, R. A. Arthro- 
plasty of the hip, Instruct. Courses, 
Amer. Acad. ? :326-35, 
1944. 

Fuiks, M. Personal communication. 
Hoffa, A. Z. orthopdd. Chir., 3 vols., 
1908. 

Smith-Petersen, M. N. Evolution of 
mould arthroplasty of the hip joint, 
J. Bone Jt. Surg. 30-B:59-75, 1948. 
Bickel, W. H. and Babb, F. S. Cup 
arthroplasty of the hip, J. Bone Jt. 
Surg. 30-A 647-56, 1948. 

Law, W. A. Post-operative study of 
vitallium mould arthroplasty of the hip 


orthop. Surg. 


joint, J. Bone Jt. Surg. 30-B:76-83, 
1948. 

Aufrane, O. E. Constructive hip surgery 
with the vitallium mold, J. Bone Jt. 


Surg. 39-A 2237-48, 1957. 

Urist, M. R. The principles of hip- 
socket arthroplasty, J. Bone Jt. Surg. 
39-A :786-810, 1957. 

Adams, J. C. A reconsideration of cup 
arthroplasty of the hip, J. Bone Jt. 
Surg. 35-B:199-208, 1953. 

D’Aubigné, R. M. and Postel, M. Hip 
arthroplasty with acrylic prosthesis, J. 
Bone Jt. Surg. 36-A :A51-75, 1954. 
Wilson, P. 


head replacement 


D. Symposium on femoral- 
prostheses, J. Bone 
Jt. Surg. 38-A 415-19, 1956. 

Devas, M. B. Arthroplasty of the hip, 
J. Bone Jt. Surg. 36-B :561-66, 1954. 
Duthie, H. L. Hutchinson, J. R. 
The results of partial and total excision 
of the patella, J. Bone Jt. Surg. j0-B: 
75-81, 1958. 

West, F. E. and Soto-Hall, R. 


and 


Recur- 


. 36, No. 2, February 1960 


26. 


31. 


33. 


39. 


rent dislocation of the patella in the 
adult, J. Bone Jt. Surg. 40-A :386-94, 
1958. 

De Palma, A. F. and Flynn, J. J. 
Joint changes following experimental 
partial and total patellectomy, J. Bone 
Jt. Surg. :395-413, 1958. 
McKeever, D. C. Patellar prosthesis, 
J. Bone Jt. Surg. 37-A 1074-84, 1955. 
Campbell, W. C. Arthroplasty of the 
knee, J. orthop. Surg. 3:430-36, 1921. 
Samson, J. E. Arthroplasty of the knee 
joint; late results, /. Bone Jt. Surg. 
31-B 50-52, 1949. 

Speed, J. S. and Prout, P. C. Arthro- 
plasty of the knee; a follow-up study, 
J. Bone Jt. Surg. 31-B:53-60, 1949. 


Hass, J. Functional arthroplasty of 
elbow knee, Instruct. Courses, 
Amer. Acad. orthop. Surg. 2:340-42, 
1944. 

Shiers, L. G. P. Arthroplasty of the 
knee; preliminary report of a new 


method, J. Bone Jt. Surg. 36-B :553-60, 
1954. 
Lange, M. Orthopaedisch-Chirurgische 
Operationslehre. Muenchen, J. F. Berg- 
mann, 1951. 

Lange, F. Lehrbuch der Orthopaedie, 
Jena, G. Fischer, 1928. 

Albee, F. H. Arthroplasty of the elbow, 
J. Bone Jt. Surg. 15:979-85, 1933. 
Ryerson, E. W. Arthroplasty of the el- 
bow joint, Courses, Amer. 
Acad, orthop. Surg. 2:323-25, 1944. 

De Palma, A. F. Degenerative changes 


in the sternoclavicular and acromioclav- 


Instruct. 


icular joints in various decades. Spring- 
field, Ill., C. C. Thomas, 1957. 
Armstrong, J. R. Excision of acromion 
in treatment of supraspinatus syn- 
drome; report of 95 excisions, J. Bone 
Jt. Surg. 31-B :436-42, 1949. 

Payr, E. Plastik an Kugelgelenken, 
Verh. dtsch. Ges. Chir., in Archiv. klin. 
Chir. 142:728-71, 1926. 

Neer, C. S. Articular replacement for 
the humeral head, J. Bone Jt. Surg. 
7215-28, 1955. 


115 
8. 
= 
9, 
10, 
27. 
28. 
29. 
30. 
13. 
14. 
= 
15. 
= 32. 
17. 
= 
35. 
= 
36. 
= 
37. 
21. 
38. 
22. 
23, = 
24. 


I. S. WRIGHT AND OTHERS 


THE DIAGNOSIS AND MANAGEMENT OF 
CEREBRAL VASCULAR DISEASES 


Transcription of a Panel Meeting* 


Irvinc S. Wricut .. . Moderator 


Professor of Clinical Medicine, Cornell University Medical College; 
Attending Physician, The New York Hospital 


Panel Members 


Henry S. DuNNING 


Associate Professor of Clinical Medicine (Neurology), Cornell University Medical College; 
Associate Attending Physician, The New York Hospital 


C. FisHer 


Assistant Clinical Professor of Neurology, Harvard Medical School; Neurologist, 
Massachusetts General Hospital, Boston, Massachusetts 


SigmunD N. Grocu 
Instructor in Medicine, Cornell University Medical College; Assistant Visiting Physician, 


Second Medical (Cornell) Division; Director, Cerebrovascular Disease Research Project, 
Bellevue Hospital 


Mervin D. Yaur 
Associate Professor of Clinical Neurology, College of Physicians and Surgeons, 


Columbia University; Associate Attending Neurologist, Neurological Institute, 
Columbia-Presbyterian Medical Center 


* Presented October 13, 1958, at the Second Annual Postgraduate Week, Research Contributions to 
Clin.cal Practice, of The New York Academy of Medicine. 


Bull. N. Y. Acad. Med. 


=" 
a 


CEREBRAL VASCULAR DISEASES 14.7 


MODERATOR IRVING S. WRIGHT: The problem we are considering 
today is one which has aroused increasing interest during the last half 
decade. For many years it was a much neglected field because it was 
believed that little or nothing could be done for patients with strokes, 
other than what nature did for them and their own innate drive serving 
as a motivation to get well. However, in the recent decade, various 
modalities have been developed which, if not completely satisfactory 
at this time, at least offer some type of approach which may prove to 
be helpful in many cases. 

The significance and importance of this problem are such that we 
need not apologize for devoting time to discuss it. Approximately 
200,000 people die each year from strokes. There are about two million 
patients alive in the United States who have suffered strokes and have, 
as a result, degrees of disability varying from slight to total invalidism. 
These are not all old people; 25 per cent are under 65 years of age and 
therefore in the more productive period of their lives. The effect on the 
individual is catastrophic in many cases, and it is frequently devastating 
to his family and a burden to the community, becoming a social and 
economic problem as well as one of disease, and therefore, is worthy 
of our best thoughts. 

I have asked the members of the panel first to present a brief dis- 
cussion of some aspect of this field which has aroused their particular 
interest and commanded their attention during the past few years. We 
shall attempt, after the preliminary discussion is over, to answer as many 
questions submitted by the audience as we have time for. 

Dr. Dunning, will you please discuss certain aspects of diagnosis? 

DR. HENRY S. DUNNING: During the last six years I have been in- 
terested in a relatively simple diagnostic procedure for the detection of 
occlusion of the internal carotid artery. It consists of palpation in the 
tonsillar fossa for its pulsation. 

(Slide) I have here a picture from Spalteholz, showing the external 
and internal carotid arteries. The common carotid bifurcates into these 
two arteries at the level of the hyothyroid interspace. The two arteries 
are close together, so close that their respective pulses cannot be dif- 
ferentiated. However, at the angle of the jaw, the external goes out 
laterally through the parotid gland and the internal goes inward, courses 
up the posterolateral wall of the pharynx and lies behind the tonsil. 

(Slide) This is a cross-section at the level of the tonsil, showing the 
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positions of the external and internal carotids. The external lies deep in 
the parotid gland posterior to the ramus of the mandible. The internal 
lies just beneath the muscular coat of the pharynx in the tonsillar fossa. 
It should be noted that the styloid process of the skull and the three 
muscles attached to it lie between them. Because of their separation at 
this level the only pulsation palpable in the tonsillar fossa should be 
that of the internal. Actually, it is so close to the surface that its pulsation 
can be seen when the systolic or pulse pressure is high. 

This reminds me of a story related to me about Dr. David Barr, 
Emeritus Professor of Medicine at Cornell. One day the house staff 
presented to him an unknown, that is, a patient without history or 
physical findings. He said: “Well, I might as well start with a tongue 
depressor.” After looking into the pharynx, he said, “I think your 
patient has hyperthyroidism.” The onlookers were astonished, He then 
said, “The pulse of the internal carotid is visible in the pharynx.” 

During this period of six years, the number of cases in which the 
absence of pulsation of the internal carotid artery in the tonsillar fossa 
would explain all manifestations of disease of the nervous system has 
been 19. The number of these in which other methods of examination 
for patency of this artery were employed was 11. 

The methods of examination were as follows: First, carotid arterio- 
graphy, that is, by injecting a radiopaque substance into the common 
carotid artery through the skin. The number of patients so tested 
was five and all showed complete occlusion at the bifurcation. The 
second method was direct observation during cervical sympathectomy. 
There were three such cases and all showed absence or feeble pulsation 
of the internal carotid. The third diagnostic method was ophthalmo- 
dynamometry, which I like to call OPD. This test consists of measure- 
ment of the pressure in the central retinal artery of the eye. Since this 
artery is a branch of the ophthalmic, a major branch of the internal 
carotid, it follows that pressure in it should be low on the side of an 
occluded internal carotid and usually is. The number of patients so 
tested was three and in two the pressure was low on the appropriate side. 
Thus, these methods of examination for patency of the internal carotid 
have confirmed pharyngeal palpation in 10 out of 11 instances. 

In two cases in which arteriography demonstrated complete oc- 
clusion of the internal carotid at the bifurcation, there was normal pulsa- 
tion in the tonsillar fossa, The reason for this discrepancy is not clear. 
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It has been suggested that the pulsation felt was that of the external 
carotid, but such an explanation is not plausible for the following reasons: 
First, as just demonstrated in the cross-sectional lantern slide, it should 
not be possible to feel the pulsation of that artery in the tonsillar fossa. 
Second, in reviewing the reports on arteriography and on exploration 
of the carotid arteries in the neck in the cases in which there was no 
pulsation in the tonsillar fossa, it is noteworthy that in all five arterio- 
grams the external carotid was filled, and in the two operated cases in 
which it was mentioned, pulsation of the external was normal. Thus, 
there are seven instances in which the pulsation of the external carotid, 
proven to be patent, could not be felt in the pharynx. Third, according 
to the literature* and experiences at The New York Hospital, a mistaken 
impression of occlusion of the internal carotid may occasionally be 
gained from arteriography. 

In two cases in which arteriography demonstrated partial occlusion 
of the internal carotid at the bifurcation, pulsation in the tonsillar fossa 
was unaltered. 

MODERATOR WRIGHT: Thank you, Dr. Dunning. 

The story told of Dr. Barr recalls to my mind a similar example of 
the use of this type of careful observation by a well-known internist, 
Dr. Merritt Ketcham of Kansas City, who made a diagnosis of coarcta- 
tion of the aorta on this basis. A middle-aged female school teacher, 
suffering from hypertension, had been to see many physicians. Nobody 
had taken the blood pressure in her legs. I hope this does not happen in 
New York very often. Dr. Ketchum started his examination from the 
cranium down and when he examined her throat carefully with the 
tongue depressor he noticed very strong pulsations of the posterior wall 
on both sides. At that point he said, “I believe this patient has a coarcta- 
tion of the aorta with these very strong pulsations. The block is just 
below the level where the carotid arteries branch off.” This diagnosis 
was confirmed, It does pay to look carefully at the back of the throat 
as well as at the site of the tonsils. 

Is there such a thing as cerebral vasospasm? Does it exist or is it a 
figment of the imagination? I shall ask Dr. Yabr to discuss this. 

DR. MELVIN D. YAHR: The neurogenic control of the cerebral vessels 
is a controversial issue that has plagued the neurophysiologist and the 
clinician for some time. There are proponents on both sides of this 
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question. Those who feel that the vasomotor tone in the cerebral vessels 
is minimal, imply that transitory symptoms in people with cerebrovascu- 
lar disease occur as a result of systemic factors, such as drop in blood 
pressure or decreased cardiac output with diminished cerebral flow. This 
is certainly true in some patients, especially when atheromas exist in the 
large proximal vessels such as the carotid, which diminish cerebral blood 
flow. However, this does not explain all of the instances of transitory 
cerebrovascular symptoms, for cerebrovasospasm may be a reality, as in- 
dicated in the following angiographic pattern. 

(Slide) There are limitations in demonstrating spasm by angio- 
graphy, for when a vessel fails to fill completely it is difficult to know 
whether this is a naturally occurring physiological event or whether it 
truly indicates decreased caliber of the vessel due to increased vaso- 
motor tone in the vessel. 

(Slide) The left half of the slide is an angiogram of a patient who 
has an aneurysm of the anterior communicating artery. In addition to 
the aneurysm there are two striking abnormalities of the cerebral circu- 
lation. The first is that the size and caliber of the internal carotid artery 
are rather small and the dye appears stringy. The second factor is an 
almost complete lack of filling of the anterior cerebral artery, the artery 
that takes that big curve in the anterior portion of the brain. This 
patient showed this particular phenomenon which correlated well with 
the clinical findings of marked weakness over the opposite side of the 
body, particularly involving the lower extremity. The picture just to 
the right of that shows the same patient’s angiogram recorded at a later 
date. You now see the increase in caliber of the internal carotid artery 
and filling of the entire anterior cerebral artery. Now we are willing to 
call that vasospasm, and I believe it is so. 

We have studied this also from the viewpoiat of the source of 
neurogenic supply of the cerebral vessels. At the Neurological Institute, 
some years ago, Dr. Thomas Bridges and I had the opportunity of per- 
forming some studies on patients undergoing radical neck dissections, 
in which a number of cranial nerves and sympathetic pathways were 
exposed. It was about the time that the problem of the effect of stellate 
ganglion block in acute cerebrovascular episodes was being investigated. 
We used pneumoplethysmography, a technique that has been easily 
adapted to studying vasomotor changes in the extremities, especially the 
digits, and the size of the arterial pulsation and increase or decrease in 
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volume within a closed space in which the distal segment of the digit is 
enclosed can be strikingly shown. In patients undergoing neck dissection 
and also undergoing various neurosurgical procedures, we were able to 
incorporate within the skull a specialized adapter which could be in con- 
tinuity with the dural envelope of the brain and show cerebral pulse 
and intradural volume changes within the cranial cavity. During these 
operative procedures, one of the first things we did was to study the 
effect of stellate block. As a matter of fact, we both blocked and stim- 
ulated the stellate ganglia. These were people without cerebral vascular 
disease. The average age of these patients was approximately 30 years, 
and they had malignant tumors, but their histories included no evidence 
of cerebral vascular disease. Blocking of the stellate ganglion by injec- 
tion caused no change in this volumetric system. Also, stimulation of 
the stellate rarely caused any changes of note, and changes we did see 
could usually be correlated with loss of vasomotor tone in the limbs 
which are controlled through the same vasomotor pathway. We did, 
however, obtain some striking results by stimulating and by blocking 
the superior cervical and middle cervical ganglia. This is a region that 
has not been investigated as much as the stellate has. It was quite striking 
that, when one stimulated the superior cervical ganglion, a marked de- 
crease in the size of the pulsation and also a decrease in total volume 
were evident and could be reproduced in a fair series of patients. Con- 
versely, blocking of these structures had very little, if any, effect. This 
led us to the notion that perhaps there were neurogenic fibers—sympa- 
thetic, if you will—coming from an alternate source rather than from 
the thoracolumbar outflow which sends its preganglionic fibers to the 
stellate ganglion. These fibers appear to accompany some of the cranial 
nerves going directly to the superior and middle sympathetic ganglion. 
which then control cerebrovascular tone and change in cerebrovascular 
size. 

There has been some confirmation of this in pathological studies in 
the animal, Destruction of portion of the vagus nerve, when serially 
traced, shows degeneration of the postganglionic fibers originating from 
the superior cervical and going along with the carotid artery. I am sug- 
gesting that there is an alternate pathway. This has not been investi- 
gated as much as it should, but may have something to do with control- 
ling the size of the cerebral vessels. If basically we can show this, then 
perhaps we can accept the idea that there is a mechanism for producing 
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spasm, and conversely, perhaps even dilatation in some respects, cer- 
tainly of the major large inlet vessels like the carotid and basilar arteries. 
How far up this extends, with regard to the smaller vessels themselves, 
I believe is still an unanswered question. It is certainly something that 


needs more exploration, since new areas of therapy may perhaps be 
opened up if one can show the actual mechanism and sites by which 
the size and caliber of cerebral vessels are controlled. 

MODERATOR WRIGHT: [svt it true that Dr. Lawrence Pool and bis 
associates have been doing some work recently in this field? Perhaps 
you have been involved in that. 

pR. YAHR: I have not worked with Dr. Pool, but he was kind enough 
to lend me the slide which I have shown. 

He has done some work on the cat in this problem of vasospasm, 
both in its production and the effect of drugs such as papaverine and 
quaternary amines, that block the ganglia, etc. By direct trauma of 
vessels, he has certainly shown a segmental constriction of cerebral 
vessels unaffected by any of the known agents usually used to produce 
vasodilatation in the limbs. Doctors Pool, Tavaras and Fletcher have 
recently reported on the angiographic changes associated with 
vasospasm. 

MODERATOR WRIGHT: First of all, one must ask the question: Can 
cerebral vasospasm occur?Are the vessels of the brain capable of going 
into vasospasm regardless of any theoretical consideration one might 
entertain about their structure and neurogenic attachment? Can they go 
into spasm or not? The fact is they are able to. It occurs frequently in 
surgical procedures when the vessels can be seen to narrow down and 
the blood flow may actually stop. 

pR. YAHR: Dr. Wright, that is by direct mechanical irritation. It does 
not imply that this is happening through a neurogenic mechanism. 

MODERATOR WRIGHT: I agree, but it answers the question whether 
the vessels are capable of contracting or not. That is the number one 
question. 

The second bit of evidence, although indirect, lies in the fact that 
the vasculature of the entire body is capable of spasm under a variety 
of circumstances. It happens in the vessels of the eye. It happens in 
the vessels of the finger. It happens in the vessels of the intestinal tract. 
Exactly why we must consider that these vessels of the brain cannot 
react similarly when we see that they are able to do so, simply because 
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we do not know or understand the particular pathway by which the 
spasm is effected, has always been a little puzzling to me. I think the 
burden of proof must now rest on those who say that it cannot occur. 

The next portion of our discussion is concerned with the use of 
anticoagulant therapy in cerebral thrombosis as a modality of treatment. 
This is a relatively new approach. We have been working with this idea 
for about 13 years, but it has been tried seriously by other workers for 
only the last six years. Among the earliest workers in this field was Dr. 
Miller Fisher. Because of his work, we were drawn together and have 
had many interesting discussions during the past years. Now he will 
discuss the use of anticoagulant therapy in cerebral thrombosis, par- 
ticularly emphasizing the early stages or what might be called pre- 
monitory phases, particularly with regard to the person who begins to 
show suspicious signs of developing a stroke of a more permanent 
nature. Dr. Fisher! 

DR. C. MILLER FISHER: My remarks will deal with the use of anti- 
coagulants in the early stages of cerebral thrombosis, before the full- 
blown stroke has occurred, in an effort to prevent immediate disaster. 
In a study of a small series of such cases carried out at the Massachusetts 
General Hospital, a preliminary analysis shows a trend in favor of 
patients treated with anticoagulants. 

Patients with cerebral thrombosis may come to the physician’s 
attention at several stages of the illness. (Slide) Here are the five stages 
at which we might see the patient with cerebral thrombosis. Sometimes 
only transient ischemic attacks are occurring, brief episodes in which 
the deficit clears away in a few minutes or even seconds; numbness of 
lips or cheek or fingers, or weakness of the fingers, or of one leg, or all 
extremities, slurred speech, double vision, dizziness, blindness in one 
eye, staggering, veering, headache, etc. Secondly, at a later stage, the 
deficit may not entirely clear up between attacks, and persistent numb- 
ness or weakness, or nystagmus, etc., remains behind as the attack fades. 
Thirdly, a partial stroke may occur and transient ischemic attacks may 
be superimposed as a warning that worsening may be expected. Fourth- 
ly, cerebral thrombosis may develop in a steplike intermittent fashion, 
additional increments of the stroke being added from time to time. For 
example, in occlusion of the internal carotid artery the patient may first 
have a slight weakness of the fingers of one hand, a few days later the 
whole extremity may be affected. Fifthly, after a week or so, severe 
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hemiplegia appears and even then, when full disaster seems to have oc- 
curred, close observation may show that further worsening occurs after 
admission to the hospital. This mode of development we have termed 
stroke-in-evolution or thrombosis-in-evolution. The patient may come 
to our attention early or late. If he comes early, when only a single 
episode or fraction of the stroke has occurred, it may be difficult to 
distinguish thrombosis from embolism, or even from intracerebral 
hemorrhage. Finally, the stroke may be fully developed when the 
patient is first examined. 

In brief, we may say that the hallmarks of cerebral thrombosis are: 
1) prodromal ischemic attacks; and 2) intermittent progression of the 
neurological deficit. Embolism and hemorrhage do not have this as- 
sociation. An important point to be emphasized is that at present it is 
impossible to foretell where in the course of cerebral thrombosis any 
given patient stands when he is first seen. Will further deficit accrue? 
If there is to be progression, when can the next stage be expected to 
develop? Will more ischemic attacks occur? All that can be stated is 
that when increments of a stroke are being added, progression to a very 
severe deficit within a few weeks or months is to be feared. 

Now to proceed to the results of our study. In all, 48 cases presumed 
to be cerebral thrombosis were randomized as to the type of therapy 
received, As a result, 18 cases were treated with anticoagulants and 30 
fell in the control group and were managed in much the same way as 
those receiving anticoagulants; however, another capsule was ad- 
ministered instead of the anticoagulant drug. Dicoumarol was the anti- 
coagulant used and, in addition, heparin was given to 10 of the 18 
treated cases for the first few days until the prothrombin level fell to 
about 20 per cent of normal. Seven received heparin intravenously; the 
others, subcutaneously. As measures of response we have used worsen- 
ing of the patient’s condition and recurrence of ischemia or infarction. 
We have not dealt so far with survival or the degree of residual dis- 
ability. The patients have been followed from 3 to 17 months and the 
results are shown graphically in the next slide. 

Each vertical line represents one patient’s course, and the length of 
the line the time that he has been followed. The part of the line repre- 
senting the first month has been made inordinately long to demonstrate 
more clearly some of the developments during that period. At a glance, 
the group which received anticoagulants appears to have fared better, 
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for in the treated group there were only two major worsenings and in 
the control group there were 11. Since this slide was prepared, two more 
patients in the control group have gone on to develop a full-blown 
basilar artery occlusion, Assuming that we are dealing with sufficiently 
homogeneous case material, the difference in these two groups just fails 
to be significant at the 5 per cent level. Just a word about the worsen- 
ings which occurred in the treated group. 

One patient had been going down-hill for about six weeks, with 
increasing dysphasia and right hemiparesis. He was started on dicou- 
marol without heparin and during the next week his condition de- 
teriorated further. He developed a complete right hemiplegia and 
aphasia, despite the fact that during the last four days the prothrombin 
levels were in the desired range. I think we should have used heparin in 
the early stages, 

A second patient had a right hemiplegia when first seen. He was 
started on anticoagulants and did not become any worse, but four and 
one-half months later he developed a complete Jeft hemiplegia. We were 
fearful that this was due to a hemorrhage, nevertheless we persisted with 
anticoagulants and the patient has made a very good recovery. These 
were the only two major worsenings in the group of 18 patients who 
received anticoagulants, 

The third patient (indicated on the slide as a minor worsening) was 
a lady paralyzed in all four extremities and stuporous as a result of 
occlusion of the basilar artery. She was started on heparin in adequate 
doses and during the next two days went further down-hill although 
eventually she made a partial recovery. 

As already stated, all patients at the time of randomization were 
judged to have cerebral thrombosis and to be at a stage less than the 
full-blown stroke. However, the diagnosis in this situation can be a 
most difficult one, especially if only a single episode of deficit has oc- 
curred and if it was of abrupt onset, when differentiation from em- 
bolism is in some instances almost impossible. In order to obtain groups 
in which the diagnosis was almost certainly thrombosis, we removed 
from the group of 48 patients in the series all those in whom there was 
but a single episode of infarction and retained only those with transient 
ischemic attacks or clear evidence of neurologic progression before 
randomization. When this was done, 10 cases were removed from the 
control group, leaving 20, and six from the anticoagulated group, leav- 
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ing 12—small numbers, to be sure. 

(I might emphasize that in order to acquire these 48 cases it has 
taken two Fellows in Neurology and myself about a year and a half, 
during which time I think we have examined some 450 cases of stroke 
on the wards of the Massachusetts General Hospital.) 

An analysis of these two smaller special groups shows that, in the 
course after randomization, 12 of the 20 control patients suffered a 
severe worsening, while only one of the 12 patients who received anti- 
coagulants was adversely affected. This is a significant difference. 

I might illustrate a few of the cases. One patient was a nurse aged 56, 
who had had 12 attacks of numbness of the right side of the face and 
right fingers. She was randomized and fell in the control group. On the 
fifth day after randomization, she awakened at 5:00 a.m. with useless 
fingers of the right hand and marked weakness of the whole of the 
right upper extremity. It was decided then that we should not carry the 
trial further and she was given heparin immediately. 

Another patient, age 46, had spells of lightheadedness, lacrimation, 
diplopia, nausea, vomiting and tenesmus, three to four times a week, 
lasting one to two minutes. He was admitted to the hospital some nine 
months after his initial symptoms because of typical attacks of numbness 
of the left side of the face, tongue, and left hand, staggering to the left, 
headache, Horner’s syndrome on the left, horizontal nystagmus, and 
cerebellar ataxia in the left extremities. He was randomized and fell in 
the control group. We followed him along over a period of two weeks 
and gradual improvement occurred. He was discharged but returned 
two weeks later with ataxia, slurred speech, decreased hearing, de- 
creased pin-prick over the face, severe cerebellar ataxia on the left, a 
Babinski sign bilaterally, and a questionable left facial weakness. Again 
we followed him in the hospital, administering placebo capsules, and 
again some improvement occurred and he was discharged. He re- 
turned four weeks later with dizziness, vomiting, tenesmus, spasms of 
crying, weakness of the right limbs, thick speech, inability to get out of 
bed, nystagmus, and a Babinski sign bilaterally. Two hours later he was 
unable to swallow and breathing was stertorous. The right side was 
virtually completely paralyzed and the left side very weak. Once more 
it was decided that we probably had followed this therapeutic trial far 
enough and he was given heparin intravenously; in about one week he 
was able to be out of bed again and since then he has been able to go 
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back to work. Thus, in the control cases, not all have been followed to 
a fatal termination, but when clear-cut evidence of a severe worsening 
has occurred, we have seen fit to give anticoagulants, 

In the larger group of 48 cases, the results of therapy did not 
correlate with age, sex, the cerebral artery involved, or the presence 
of hypertension, 

In closing, one important point must be mentioned, namely, hemor- 
rhagic complications. Seven of the 48 patients have had such a com- 
plication. In five, this was relatively minor; three had hematuria; one, a 
duodenal hemorrhage; one, a nasal hemorrhage; and one bleeding from 
the rectum; but in the seventh patient, a fatal intracerebral hemorrhage 
recently occurred when the prothrombin activity was well within the 
desired range. Although this patient had arterial hypertension and the 
hemorrhage was in the classical site in the basal ganglia, anticoagulant 
therapy must tentatively be blamed for the death. 

Furthermore, in the past year there have come to my attention five 
cases of fatal intracerebral hemorrhage while the patients were on anti- 
coagulant therapy, and three cases of subdural hemorrhage, of which 
two were fatal. The risk appears to be very real and one which will 
have to be weighed carefully in deciding whether or not to use anti- 
coagulants when intermittent progression is occurring in cerebral 
thrombosis. 

MODERATOR WRIGHT: Thank you, Dr. Fisher. 

I am very much interested in your experience. We have had many 
patients on anticoagulant therapy for long periods of time. The figures 
which I shall cite a little later strongly suggest that the patients were 
protected from subsequent complications following their first attacks. 
However, we have had some doubts as to whether this was the pro- 
cedure to follow immediately after an acute attack. It is quite different 
after the acute attack has subsided and you are trying to prevent another 
thrombosis or embolism from occurring. At the time of an acute attack 
patients with thrombosis or embolism may also have associated localized 
hemorrhagic manifestations in the brain tissue. This is not different from 
infarction elsewhere in the body, except that other tissues seem to be 
able to tolerate the bleeding somewhat better than the brain does. There- 
fore it seemed advisable to set up a long-term study, not a long-term 
observation of the patients but a study conducted over a period of some 
years in order to get enough valid statistical material. To achieve this, 
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it was necessary to utilize the large services of Bellevue Hospital, and 
such a cooperative study has been in the process of evolution and de- 
velopment, using the services of the Cornell, New York University, 
and College of Physicians and Surgeons Divisions, and the Rehabilita- 
tion Institute. This has permitted detailed studies of strokes from many 
different aspects, aside from the question of anticoagulants. Dr. Sigmund 
Groch has acted as a director of this study, as it operates at Bellevue. 
He will now talk on the manner in which this study is being conducted 
and will present some of the results, although our over-all statistics are 
far from complete. 

DR. SIGMUND N. GRocH: [ should like to describe in rather detailed 
fashion the mechanics of setting up this program and then to give you 
the results accumulated over a two year period. I think, after you have 
become acquainted with some of the results, you will perhaps be able 
to answer with greater facility and assurance the question often asked 
by the family of a patient: “Should my relative be on anticoagulant 
therapy?” 

In the past two years, there has been a cooperative study at Bellevue 
which aims to develop the natural history of cerebral vascular disease. 
No matter what therapy one uses—whether it be surgical or medical— 
unless the natural history of the disease is known in a large group of 
patients, one cannot evaluate fully any given therapy. 

(Slide) This first slide outlines briefly the goals that we have set for 
ourselves in this next five year period, First, we should like to know 
the natural history of various syndromes that are seen. For example, Dr. 
Fisher has just described a patient with a lateral medullary syndrome. 
Some people have stated that patients with lateral medullary syndromes 
have a relatively good prognosis. We should like to know if this is so 
in prospective rather than retrospective fashion. We are trying to learn 
what diagnostic procedures are most desirable and will yield the most 
information, and how these procedures should be developed and carried 
out in a patient with cerebral vascular disease, enabling us to make a 
complete evaluation with the least risk to the patient. At the same time 
we want to correlate the clinical picture with the pathologic results. 
A further objective is to awaken interest in the study of cerebral vascu- 
lar disease in the house staff of Bellevue Hospital. This last is certainly 
being done, for when I first came to Bellevue we were seeing patients 
who came in with a completely evolved stroke, completely stroked out. 
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Yet they had been turned away from the emergency room as many as 
five times after episodes of transient hemiparesis which were not ap- 
parent to the house officers who saw these patients during their five 
visits to the emergency room, This no longer occurs and we are now 
called to see patients, in all parts of the hospital, early in the develop- 
ment of their disease. 

(Slide) This lists the criteria for evaluation of patients and for their 
admittance to the control study. There must be a diagnosis of cerebral 
thrombosis that is unequivocal, Later, during the panel discussion, these 
criteria will be brought out more fully. In addition, there must be 
absolutely no contraindications to the use of anticoagulants. Some of 
these contraindications are: severe liver disease, severe renal disease and 
severe hypertension. We have used as an absolute cutoff the figure of 
230/120, This is rather high and I must say that we have not adhered 
to it at all times, Certainly no one with a blood pressure greater than 
this has been included in the study group. You may ask why we take 
people with this level and why we even consider a figure so high. In 
the first series of reports from the Mayo Clinic on therapy of basilar 
artery insufficiency with anticoagulant therapy, Dr. Millikan included 
and described patients whose blood pressures were at the 260/160 level. 
He treated this group of patients and apparently they did not get into 
trouble. We thought that we should evaluate some patients in the 
upper limits of hypertension. In addition, but not listed on this slide, 
is that group of patients who have cerebral vascular disease and at the 
same time have had what we consider to be a specific indication for 
anticoagulant therapy: patients with rheumatic heart disease who are 
fibrillating and patients who have had a concomitant myocardial in- 
farction. Our service believes that anticoagulants are indicated in these 
situations. The last criterion, suitability for long-term follow-up, is 
something difficult to achieve in the population group seen at Bellevue. 
As a result, we have found that when we analyze our figures we have 
to break down the treated group into two large groups, those who 
receive anticoagulants in the hospital and those who are also suitable 
for follow-up in the long-term anticoagulant clinic on an ambulatory 
basis. 

In this period of two years, we have seen 303 patients who have had 
a clinical diagnosis of cerebral vascular disease. It would be of interest 
to see how they have been distributed through the various groups. 
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(Slide) Of these 303, 183 are males and 120 are females. We feel 
that this probably represents the natural distribution of male and female 
patients in any group of diseases at Bellevue Hospital. Out of these 303 
patients, we have been able to gather only 104 who were suitable for 
presentation to the selector system. By this I mean the following: After 
a patient has been completely evaluated with what we consider to be an 
unequivocal diagnosis of cerebral thrombosis, a selector card is drawn 
from a given group of envelopes in the presence of various people. This 
envelope is opened and we are obligated then to follow the procedure 
stipulated on the slip of paper within the envelope. In this way we rule 
out prejudice and at the same time obtain a randomized group of 
patients who will be suitable for statistical analysis at the end of five 
years. 

MODERATOR WRIGHT: Is it not true, Dr. Groch, that half the slips 
of paper say “treat” and half say “don’t treat”, and that this is the factor 
which makes the decision as to whether a specific patient receives treat- 
ment or not? 

DR. GROCH: That is right. It is obligatory to treat the group which I 
previously mentioned, i.c., patients with rheumatic disease and myo- 
cardial infarction. We have found 39 such patients. Then [ want to call 
to your attention the 160 patients who never were submitted to the 
selector system. This may be representative of the group at Bellevue, 
but I think it carries some significance for the application of anti- 
coagulant therapy in any large group of patients with cerebrovascular 
disease no matter where found. Why did we not draw on the 160 
patients? Sixty-one of them had absolute contraindications to the use 
of anticoagulant therapy: they had either bloody spinal fluid or marked 
xanthochromia of the spinal fluid, very severe hypertension, or active 
gastrointestinal bleeding. Five others were eliminated for miscellaneous 
reasons. In addition, there were gg of these 61 other patients who were 
not suitable for the selector system. Sixty-four were so critically ill that 
they died before they could be completely evaluated. Seven had no 
cerebrospinal fluid attainable or refused to allow us to do a puncture. 
We felt, certainly in the control series, that one should have cerebro- 
spinal fluid available before going ahead with anticoagulant therapy, 
and further, that any patient who is being considered for anticoagulant 
therapy should have a normal cerebrospinal fluid. There were other 
reasons why we could not accept the remaining patients. Fourteen 
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were transferred out of the hospital before we could evaluate them. In 
seven, the picture never was clear enough for us to accept a diagnosis 
of cerebral thrombosis. Interestingly enough, seven patients who pre- 
sented as typical strokes, were found to have an expanding lesion with- 
in the cranial cavity. Two of these patients had subdural hematomas. 
Had we not done angiography studies in these two patients, both of 
whom were aphasic, we probably would have gotten into a lot of 
trouble. The other five had brain tumors which also were picked up by 
angiographic study. There were some hints in the history of these 
five that there was something awry other than cerebrovascular disease, 
even though they appeared as “typical strokes”. 
(Slide) . This slide illustrates what happened to the 104 patients in 
the controlled study over a two year period. We still have 23 patients 
: who are on long-term anticoagulant therapy, and one followed in the 
long-term anticoagulant clinic, There are 17 who are still alive but who, 
for various reasons, have discontinued anticoagulant therapy. Nine are 
dead and of these g, one did not receive anticoagulant therapy before he 
died. Four, though drawn as “treats”, for various reasons were unable 
to receive this therapy. We have not lost to follow-up any of those 17 
in whom anticoagulants were discontinued, In the control group there 
are still 29 being followed as controls in the follow-up clinic. Fourteen 
are dead. Three patients, in whom the original selector card stated 
“control”, experienced thrombo-embolic complications and therefore, 
at the request of the ward staff, were started on anticoagulants. Five of 
the control patients have been lost to follow-up. 

(Slide) What has happened to this treated and control group, as far 
as thrombo-embolic complications are concerned, over the period of 
two years? In the control group there have been ten patients who, 
subsequent to their initial thrombosis within the cranial cavity, have de- 
veloped other thrombo-embolic complications. This is 19 per cent of 
51 patients. In the treated group there have been only two subsequent 
thrombo-embolic complications. Actually, one of these two patients 
was off anticoagulant therapy for a period of 65 days when the second 
thrombo-embolic complication occurred. In the other patient there was 
a transient worsening of his hemiparesis when the prothrombin time was 
allowed to fall below what we feel is the therapeutic range. 

So, in summary, there have been ten thrombo-embolic complications 
in the control group and two in the treated group. However, of the two 
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in the treated group, neither was receiving anticoagulant therapy in 
what we feel was the proper manner, 

Dr. Fisher has mentioned hemorrhagic complications in his series. 
Unfortunately, we, too, have seen some. I should like to discuss this with 
you next. 

(Slide) Interestingly enough, in the control group there was one 
hemorrhagic complication. This was a patient who was our first case 
on the Columbia Service. He was drawn as a “control”, and then was 
sent out of the hospital doing rather well. Three weeks later he came 
back into the hospital with a massive cerebral hemorrhage and died 
within 24 hours after admission. We felt quite fortunate that we had 
not started this patient as a treatment patient. 

In the “treat” group, there have been 13 per cent of complications of 
a hemorrhagic nature, only one of which was rather serious, One patient 
had some bleeding about a tracheotomy site. We find we can avoid this 
now by performing early tracheotomy prior to instituting anticoagulant 
therapy. In two patients, hematuria secondary to genitourinary tract 
disease occurred. One patient had a worsening of his symptoms after 
institution of anticoagulant therapy. A reexamination of the spinal 
fluid showed marked xanthochromia, whereas the previous spinal fluid 
had been normal. This patient had a cerebral angiogram which ori- 
ginally was interpreted as showing a block of the main middle cerebral 
artery. Following this worsening, we again looked at the angiogram 
and were convinced that we had misinterpreted it. Actually there was 
evidence for an intracerebral hematoma, or at least a space-occupying 
lesion, but there was some shift of the vessels which we had unwittingly 
overlooked, In one patient there was a superficial hemorrhage of minor 
nature. Another patient developed melena and we found subsequently 
a carcinoma of the left colon which otherwise might have been un- 
discovered. One patient whose prothrombin time went well beyond 
the therapeutic range, developed intestinal obstruction. At exploration 
a small bowel hematoma was found. 

There is no question that there are risks in the use of anticoagulant 
therapy and we are fortunate that in the controlled series at least, we 
have had no deaths due to hemorrhage. 

Now what has happened to these patients as far as the mortality 
rate is concerned? (Slide) In the control group there were 14 patients 
who died, a total of 28 per cent. In the treated group there were nine 
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patients who died, a total of 17 per cent. However, we think there is 
greater significance in these figures than meets the eye, for this reason: 
There were six thrombo-embolic complications resulting in death in 
the control group. Therefore 43 per cent of the deaths in the control 
group were due to subsequent thrombo-embolic phenomenon. In the 
treated group there have been no deaths due to subsequent thrombo- 
embolic phenomenon after the institution of anticoagulant therapy. 
Statistically these figures are significant at the 5 per cent level. They 
are of border line significance. Thus, we cannot say that anticoagulants, 
at this stage of our knowledge, have a proven value statistically, We 
shall have to enlarge our series before we can make that dogmatic state- 
ment. However, these figures are of definite interest and are most sug- 
gestive of the value of anticoagulant therapy. If we can continue to bear 
this out, as we increase the number of patients, we shall have something 
of value. 

MODERATOR WRIGHT: Thank you, Dr. Groch. That was a very in- 
teresting discussion of what happens to a patient during the acute phase 
of a stroke. 

I should like to review briefly the results we had in the long-term 
observation of such cases. For those who are interested, this was re- 
ported in the JAMA of February 8, 1958. Dr. Ellen McDevitt was the 
senior author of this paper. We studied 100 patients, go of whom fitted 
the criteria for inclusion. For this study the same patients were observed 
over a period of years. They were off anticoagulants for periods of time 
and on for varying periods of time, sometimes of their own volition, 
sometimes because of traveling or for operations and for various other 
reasons, They were therefore used as their own controls on a long- 
term basis. This has some disadvantages, but it has the advantage of 
having the individual as the same biological entity; whereas if you try 
to match him up with someone else, very likely the control is actually 
living a different type of life and has different stresses and strains in his 
home and business, and there are many other more subtle differences 
which are harder to evaluate. As you see, Dr. Groch’s series is developed 
in one way and this is in another. 

In round figures, during 2800 patient-months when these patients 
were not on anticoagulant therapy, there were 229 thrombo-embolic 
episodes; 72 of these were cerebral. During 2300 patient-months while 
they were on anticoagulant therapy, there were 20 thrombo-embolic 
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episodes as compared with 229, and of these 16 were cerebral as com- 
pared with 72. The hemorrhagic complications occurring in these cases 
should be mentioned too, There were 30 patients who had some type 
of hemorrhagic complications, and we count any amount of blood in 
the urine or purpuric spots, excessive bleeding with the use of the 
tooth brush, etc., as hemorrhagic complications. Most of these were 
minor, There were three fatal cerebral hemorrhages, which occurred 
over a period of 2,532 patient-months of anticoagulant therapy. This 
is certainly not to minimize the risk but to place it in its proper relation 
in terms of time. Details are recorded in our reports. 

We shall now discuss various other aspects of this problem. Dr. 
Groch, what anticoagulant have you used and what thoughts do you 
have about preference? 

DR. GROCH: In the patient who has a stroke in evolution, by one 
definition as described by Dr. Fisher, we use heparin until the prothrom- 
bin level is within therapeutic ranges. 

MODERATOR WRIGHT: You use not only heparin but another anti- 
coagulant as well, from the beginning? 

DR. GROCH: Yes, the other anticoagulants we use are the ones sup- 
plied to us by Bellevue Hospital. We can use either dicoumarol or 
Coumadin. The house staff has a definite preference for Coumadin be- 
cause it is given intravenously and therapeutic prothrombin level is 
obtained 24 hours later and thus heparin can then be stopped. 

MODERATOR WRIGHT: Coumadin has proved to be a very satisfactory 
anticoagulant, Physicians may use phenylindanedione derivatives. We 
are using Liquamar quite commonly at New York Hospital. It is rather 
stable and easily controlled, thus minimizing the fluctuations in the 
prothrombin times we see so commonly with anticoagulants, 

What prothrombin time determinations do you use, and how often, 
Dr. Groch? 

DR. GRocH: When anticoagulant therapy is first begun, daily pro- 
thrombin times are performed. We feel we should have daily pro- 
thrombin times for a period of two weeks at least. In the long-term anti- 
coagulant therapy clinic in Bellevue we can maintain a patient with 
prothrombin times done every week and in the anticoagulant clinic at 
New York Hospital we maintain patients on a bi-weekly basis. We use 
the Link-Shapiro modification of the Quick test. 

MODERATOR WRIGHT: We should discuss the use of fibrinolytic agents 
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in this field since they are being investigated quite thoroughly in terms 
of thrombosis generally. | am referring to plasmin or streptokinase. 

Dr. Yabr, would you comment on this? The question is: Do you 
think that, as of now, these enzymes have any place in the therapy of 
strokes? 

DR. YAHR: [| think anyone would be tremendously enthusiastic about 
having an agent which would rapidly dissolve a clot. Until we can learn 
the cause of atherosclerosis and prevent it, | believe our treatment will 
remain symptomatic, With regard to the cerebrum, the quicker some- 
thing is done, the better the chance for cerebral tissue to recover its 
function. The time factors are extremely important here and the quicker 
adequate circulation can be established in this area, the better off the 
patient is going to be. So it is exceedingly attractive to think of an agent 
which will dissolve out in rapid fashion, as has been reported, an in- 
travascular thrombosis or clot that has formed. 

We have a limited supply of this material available and have been 
waiting for ideal situations so we could obtain a maximum amount of 
data from each case. We have not as yet found a situation worthy of a 
report, but to me it is an attractive form of therapy if this agent is safe. 
Of course, there have been some complications reported. At least I have 
heard about febrile reactions due to foreign protein, either in resolving 
the clot or otherwise. Some of the agents have a great deal of anti- 
genicity. In view of the fact that you are going to use something like 
streptokinase, previous streptococcus infection and sensitivity would be 
factors, foreign protein being introduced either by the injection of the 
agent or as a result of the lysing of a clot. All of these are problems 
which still need a good deal of thought and additional information be- 
fore one can begin to say anything definitive about them. 

MODERATOR WRIGHT: Does any other member of the panel have any 
further comments about this? 

We have had plasmin to work with at New York Hospital for 
some time. In a clot which can be seen and felt, the changes observed 
following injection of plasmin into the clot or just distal to it are quite 
remarkable. We have seen the thrombus diminish in size, to the point 
where it could no longer be felt, within 20 to 40 minutes. 

However, in some of these cases, the thrombus has returned by the 
next day, and that raises the question of lasting benefit. It also raises a 
question as to whether, with the dissolution of clots at such a rapid rate, 
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some fairly large portions of the thrombus may not be released into the 
venous circulation. This has caused us to be somewhat hesitant in using 
these products, It is quite possible that they might be safer when used in 
the arterial circulation where, if the thrombi break up, they go into 
smaller branches where smaller emboli would be a less serious matter. 
However, other complications have been noted, as Dr. Yahr mentioned. 
Some of our cases have had fairly severe febrile reactions. This method 
of treatment is therefore still in the experimental phase, but may well 
develop into a technique of great importance. 

Dr. Fisher, once you start anticoagulants for cerebrovascular disease, 
do you ever feel safe in stopping them? What are your criteria if you 
do stop? 

DR. FISHER: I am afraid there is no clear answer to that question. | 
am inclined to keep the patient on anticoagulants for a period of three 
to six months and then stop, always prepared to start them again should 
there be any warning or hint that the stroke is recurring or that progres- 
sion is occurring. 

MODERATOR WRIGHT: I think it is important that we realize that a 
stroke, like a myocardial infarction, is not a disease. It is merely a 
chapter in the history of the disease, atherosclerosis. These patients have 
a high risk of having atherosclerotic closures and thromboses occur in 
other vessels throughout the body. Therefore the long-range view clear- 
ly shows that we are not only confronted with the question of whether 
one should stop or prevent another stroke, which about 50 per cent of 
untreated patients will develop within two years, but we also have to 
deal with a fairly high percentage of patients who will develop other 
thrombo-embolic complications. So we must look at this picture in the 
broad sense and this should influence our decisions. 

DR. GROCH: I should like to call attention to work done at New York 
Hospital in which a statistical study was made of just this problem. It 
was found that there is a definite rebound phenomenon after cessation of 
anticoagulant therapy, a phenomenon that all of us have talked about 
and previously have never been able to prove. I think there is definite 
evidence that the patient in whom this therapy is stopped runs a greater 
risk of having a rebound and thus clotting again. We certainly have 
seen this happen in some of the stroke patients we have had at Bellevue. 
We have had patients who on their own volition have stopped anti- 
coagulant therapy which had been given to them for reasons other than 


Bull. N. Y. Acad. Med. 


Ay 
i 
y 
tee 


CEREBRAL VASCULAR DISEASES 137 


cerebral vascular disease, come into the hospital two to three weeks 
later with severe strokes. 

MODERATOR WRIGHT: What I am about to say is not based on the 
stroke study but on our myocardial infarction study. Nevertheless, it 
may probably be considered pertinent and possibly comparable and ap- 
plicable to our present discussion. 

In a recent conversation with Dr. Paul Owren, Professor of Medi- 
cine at Oslo, who has done distinguished work in this field, I asked about 
a report of one of his co-workers, Berkstrom, who had reported that 
there was a marked improvement in the mortality and morbidity figures 
during the first year on anticoagulants following myocardial infarction, 
but his figures were not so conclusive after the first year. This was 
quite different from what others had reported. So Dr. Owren stopped 
anticoagulant treatment on some of his patients at the end of the first 
year. When anticoagulant therapy was stopped at the end of the first 
year, the protection curve went down and the advantage which had 
been maintained for the first year was lost within a period of three 
months! 

DR. YAHR: I should like to raise this question concerning the anti- 
coagulation group: There are two reports of experimentally produced 
intravascular thromboses in animals. I believe one is from the Mayo 
Clinic, Dr. Millikan’s group, and the other is from the group at Western 
Reserve, by Dr. Sibley. These groups have produced experimental 
thromboses in the cat and anticoagulated one group and not anticoagu- 
lated the other. The death rate in the anticoagulated group was much 
higher than the death rate in the non-anticoagulated group. The hemor- 
rhagic infarct in size and degree was greater in the anticoagulated group 
than in the non-anticoagulated group, There is some indication in a 
previous report that anticoagulation within the first 24 hours following 
thromboses had some deleterious effect in terms of the amount of hemor- 
rhagic phenomena seen. I believe Fogg and his co-workers reported this. 

MODERATOR WRIGHT: This was the reason Dr. Groch’s study was un- 
dertaken, to determine the answer to that question. 

DR. YAHR: I should like to raise one other point. I should hike | to ask 
about the autopsy cases that had been on anticoagulants: Is there a dif- 
ference in the type of intravascular thrombosis, the degree of cerebral 
damage, etc.? 

MODERATOR WRIGHT: Actually, the two authors of the two papers 
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came to different conclusions. The Mayo Clinic group concluded there 
was no marked difference and the Western Reserve group concluded 
that there was; but there were two hemorrhagic episodes in the Mayo 
Clinic group which they mentioned as exceptions. However, they were 
not convinced. 

DR. YAHR: But the final conclusion was that the anticoagulated group 
did not do as well as the group that was not anticoagulated. 

MODERATOR WRIGHT: These are cats with experimentally produced 
thrombi. This is a very important point and one which we have been 
trying to answer. Of course, in the final analysis it has to be answered 
in man and not in cats, but I do think that we still have to consider very 
carefully any animal experimental work. 

I am going to ask Dr, Fisher this question: How often are infarcts 
of the brain hemorrhagic? Will this tend to contraindicate anticoagu- 
lants in the acute phase of cerebral thrombosis? 

DR. FISHER: In our experience, hemorrhagic infarcts of the brain are 
caused by cerebral embolism and not by cerebral thrombosis. | would 
think 19 out of 20 hemorrhagic infarcts are embolic in origin. We have 
carefully observed patients who have come to autopsy, who had re- 
ceived anticoagulants in the acute stage of their strokes, and it is our 
conclusion that there is no evidence that anticoagulants given in the 
acute stage increase the incidence of hemorrhagic infarction or worsen 
the hemorrhagic infarct if it is already there. 

Another important consideration is that when we first explored the 
danger of aggravating hemorrhagic infarction, we decided not to give 
anticoagulants to patients with cerebral embolism for the first 10 to 12 
days following the onset of the stroke. In the first five months, three 
patients developed a second embolus with disastrous results while we 
were waiting, so we have decided that it is probably much more 
dangerous to delay giving anticoagulants than to administer them and 
risk hemorrhagic infarction; indeed, as I have already said, in humans 
there is no evidence that anticoagulants aggravate hemorrhagic in- 
farction. 

MODERATOR WRIGHT: Our experience bears out your findings—that 
the risk of subsequent emboli from a fibrillating heart, after one or two 
have been delivered, far exceeds in mortality and morbidity the risk of 
subsequent hemorrhages, although there is no question that the risk 
exists. 
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DR. FISHER: In the National Cooperative Study of Cerebral Vascular 
Disease we are giving heparin and other anticoagulants as soon after the 
stroke as the patient comes to hospital and we asked all participants to 
report any complications of this procedure. So far, no one has reported 
any untoward event occurring from the early administration of heparin 
or other anticoagulants shortly after a stroke due to cerebral infarction. 

MODERATOR WRIGHT: Dr. Groch, you have a comment? 

DR. GROCH: I should also like to point out that the work at the Mayo 
Clinic, at least that which I can talk about first hand, was done in the 
experimental production of cerebral emboli and not of cerebral throm- 
bosis. They had developed a technique whereby they could inject either 
a plastic material or a 48-hour-old whole biood clot into the blood 
vessels of dogs and produce infarction of the brain. They found that 
the plastic material would produce a bland infarct and that the blood 
clot would produce a hemorrhagic infarct. They seemed to think that 
in the hemorrhagic infarct there might be some slight worsening. Again, 
this is in animals that did not have a cerebral thrombosis, rather, they 
had a cerebral embolus. I think that should be underlined. I don’t recall 
for certain the nature of Sibley’s work. I think it was also related to 
emboli. 

DR. FISHER: Furthermore, the animals have all been anesthetized 
during the experimental embolism which makes the experiment quite 
different from embolism in the human being whose brain cells are using 
oxygen at full rate when the vascular occlusion occurs, 

MODERATOR WRIGHT: We must move on to some other questions. 

Here is a question about the adrenocortical steroids in the treatment 
of cerebrovascular thrombosis. ls there anyone here who feels they have 
a place in the treatment of cerebrothrombosis? Dr. Fisher? 

DR. FISHER: We have not explored this, chiefly because we have 
been primarily interested in anticoagulants, if we started evaluating the 
effect of adrenocortical steroids, smoking, surgery, plasmin, etc., we 
soon would have only one case approximately in each sub-group and 
it would take us 15 or 20 years to complete the study. Therefore we are 
limiting ourselves to anticoagulation for the time being. 

MODERATOR WRIGHT: Dr. Dunning? 

DR. DUNNING: For what reason would it be suggested? 

MODERATOR WRIGHT: It has been recommended because it has been 
said that it would be beneficial. Patients are said to feel better and to be 
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improved within a few days. Of course, so many patients who have 
strokes are improved within a few days, that this is a very difficult thing 
to evaluate. Does anyone else have any comments on it? 

We have not followed this through because one of the arguments 
had to do with metabolism within the brain. This was not very well 
borne out and it should be pointed out that one of the problems is local 
edema. If we use this sort of substance, we are doing something which 
increases edema rather than decreases it. 

There is one situation when, it seems to me, the use of adrenocortical 
steroids may perhaps be justified. That is when the patient has come to 
realize fully his serious state and may be extremely depressed and dis- 
couraged and movement is painful. This may be weeks or months after 
the onset of his stroke. It has little or nothing to do with the acute 
phases of the stroke itself. The steroids are then sometimes useful in 
helping to encourage the patient by inducing some degree of euphoria 
and perhaps by decreasing his pain. We have seen patients who could 
not straighten out arms and legs who were able to do so after receiving 
steroids. They felt as though they had made some progress, It en- 
couraged them and decreased their depression. That has little effect on 
the intracranial lesion, as far as I can determine. 

Here is another question: Have you observed a lower incidence of 
myocardial infarction in patients treated for cerebrovascular disease 
while on anticoagulant therapy? 

DR. FISHER: No statistical data, but our first two anticoagulated 
patients in the series I described a little while ago were found dead in 
bed, presumably of coronary heart disease. 

MODERATOR WRIGHT: You did not have an autopsy? You do not 
know for certain whether they had myocardial infarctions? 

DR. FISHER: Both had angina pectoris and electrocardiographic evi- 
dence of myocardial infarction. 

MODERATOR WRIGHT: We do not have the figures directly on this 
aspect of the cerebral problem, but there are now at least 25 series re- 
ported in the literature, some of them very well controlled, some not so 
well controlled, that indicate the advantage to the person who has al- 
ready had a myocardial infarction in terms of continued anticoagulation. 
We have not broken this down. I don’t feel competent to answer this 
question specifically at this time. 

Now we want to mention angiography briefly. Dr. Groch, in your 
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series you have had a specific and very interesting experience dealing 
with a number of consecutive patients with strokes who have had 
angiography. What is your conclusion regarding the effects? What do 
you consider to be the contraindications? What are the complications? 

pR. GRocH: During the first year, we did consecutive angiograms in 
68 patients and we found that the degree of morbidity probably was 
no greater than in any given group of patients in the same age group in 
whom cerebral angiography was done for other diagnostic purposes. 
We believe that angiography is a very important but very selective 
tool with our population group. We deal with patients who are unable 
to give us adequate histories. We deal with patients in whom it is 
difficult to make a complete evaluation and therefore whenever the 
history of the patient is questionable, whenever the physical signs and 
the entire clinical picture are a bit puzzling, angiography may be an 
additional and valuable tool. 

We have had a morbidity of about 7 per cent. Most of these 
morbidities were mild, such as an increase in the hemiparesis on the side 
that the injection was made. We have had two rather tragic results in 
which the patients became hemiplegic and also aphasic. So I would say 
that angiography definitely carries a risk and should not be used routine- 
ly, particularly in that group of patients from whom an adequate his- 
tory is obtainable, either from the patient himself or the family. How- 
ever, in cases in which a definitive diagnosis is difficult to establish, 
whose history is poor, angiography might very well help make a 
diagnosis. - 

MODERATOR WRIGHT: The next question to be considered concerns 
the value of surgery. There have been some recent advances in the field 
of surgery and a few words should be said about them. Dr. Yabr, would 
you like to open this discussion? 

pR. YAHR: I think there are definite indications for some surgical 
procedures in very selected patients with vascular disease of the brain. 
First, the patient with an intracerebral hematoma, who goes on to have 
progressive neurological deficit or increased intracranial pressure. Evac- 
uation of the clot may not only be life-saving but may reduce the degree 
of neurological deficit. 

Another area that has been of some interest recently is the direct 
attack on intravascular thrombosis, particularly within the carotid artery 
itself. Endarterectomy, removing the atherosclerotic plaque and throm- 
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bus formation, may be followed rather dramatically by marked allevi- 
ation of the patient’s symptoms. 

In this connection just last week we had the unusual opportunity of 
observing an 18 year old young lady with a cerebrovascular episode. 
She was subjected to angiography and shown to have an obstruction 
within the common carotid artery. At operation this proved to be an 
atherosclerotic plaque which was removed by Dr. J. Ransohoff. This 
patient has made an almost complete recovery but more important, she 
may now avoid future episodes of carotid insufficiency. In all, we have 
done about 12 endarterectomies in the carotid system, About three of 
these have done extremely well. Of course, the results of surgery are 
difficult to evaluate in carotid thrombosis since many patients improve 
spontaneously, but there seems to be some benefit in selected cases. 

Just one other area in which surgical intervention is indicated—the 
cerebrovascular malformations, namely, aneurysms and arteriovenous 
malformations. The decision to operate depends on the location and 
symptomatology which they produce. Fither a direct surgical attack 
on the lesion or removing it from continuity with the circulation may be 
carried out. 

MODERATOR WRIGHT: I think this is a good summary of the situation 
as Dr. Michael DeBakey stated it. He believes in segmental occlusion 
as really the key to the future of this type of surgery. If we believe that 
segmental occlusion is a frequent cause of strokes, certainly we can look 
forward to a considerable number of successes. If, however, we find 
that the immediate situation more commonly represents one of a series 
of obstructions that extends into the vessels of the brain; if there have 
been a series of small occlusive affairs; if it seems that the arterial system 
is what you might call moth-eaten, then the results will probably not 
be successful. 


We must close now. I wish to express appreciation on the part of 
the audience to the other members of the panel who have been so kind 
as to participate in this discussion, 
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The New York Academy of Medicine 
2 East 103 Street, New York 29, N. Y. 


FOR INTRAMUSCULAR USE 


FORMULA: A specially stabilized aque- 
ous solution of Cyanocobalamin (Vita- 
min Bi2), highly purified Liver Extract, 
Thiamine Hydrochloride (Vitamin 8B:), 
and Iron. 


ee 10 cc. multiple dose vial, 
Also available as THI-LI-FER 
SYRUP and THI-LI-FER CAPSULES. 


Cc. F. KIRK COMPANY 
Pharmaceutical and Biological 


‘More than just Laboratories 


eatment patel 521 West 23 Street, New York 11 
‘adjunct in the ‘r ; 4 For complete catalog and samples 
conditions. write Dept. 2B 
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NIAMITD 


the mood brightener 


makes the 
cancer patient 
more comfortable 


« reduces impact of pain 

@ decreases narcotic 
requirements 

@ increases appetite 


improves mental outiook 


NIAMID Jessens the need for nar- 
cotics in the depressed cancer 
patient and appears to potentiate 
pain-relieving agents. As pain is 
reduced and mental outlook 
improves, apprehension and 
depression are replaced by a 
brighter and more alert attitude, 
and appetite returns. The family, 
too, is cheered by the improve- 
ment in the patient’s condition. On 
NIAMID therapy, patient care be- 
comes noticeably less demanding. 


Supply: NIAMID (brand of niala- 
mide) is available as 25 mg. (pink) 
and 100 mg. (orange) scored tablets. 


Complete references and a Profes- 
sional Information Booklet giving 
detailed information on NIAMID are 
available on request from the Medi- 
cal Department, Pfizer Laboratories, 
Division, Chas. Pfizer & Co., Inc., 
Brooklyn 6, New York. 


NIAMID 


the mood brightener 
in cancer 


Science for the world’s well-being™ 
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SYMPOSIUM REPORT: 


ALTAFUR in surgical (soft tissue) infections 


In a series of 159 patients with various types 
of surgical infections (cellulitis, abscess, 
wound infections), ALTAFUR was employed 
with eminently satisfactory results. The in- 
cidence and magnitude of surgery were 
considerably reduced in these cases, and 
when surgical intervention was necessary it 
could be delayed until the inflammatory 
process had receded or become localized. 

Excellent therapeutic response was obtained 
in patients with infections due to coagulase 
positive Staphylococcus aureus, beta hemo- 
lytic Streptococcus, and Escherichia coli; 
these organisms were uniformly susceptible 


to ALTAFUR in vitro. An insensitive strain of 
Pseudomonas aeruginosa was isolated from 
the single patient who failed to respond. 
ALTAFUR was given orally to 150 patients, 
the majority receiving 100 mg. four times 
daily.* Duration of treatment ranged from 
4 to 30 days, averaged 6 days. An experi- 
mental intravenous preparation of ALTAFUR 
was administered to 9 patients who could 
not take medication by mouth or whose con- 
dition warranted exceptionally high dosage. 
There was no clinical or laboratory evidence 
of toxicity in any case, and ALTAFUR was 
well tolerated by all but 1 of the 159 patients. 


Prigot, A.; Felix, A. J., and Mullins, S.: Paper presented at the Symposium on Antibacterial Therapy, 
Michigan and Wayne County Academies of General Practice, Detroit, September 12, 1959 (published Nov. 1959) 


Experimental dosage (see dosage recommendations adjacent) 
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bright new star 


in the antibacterial firmament 


brand of faraltadone 


the first nitrofuran effective orally 


in systemic bacterial infections 


Antimicrobial range encompasses the majority of common 
infections seen in everyday office practice and in the hospital 


w Decisive bactericidal action against staphylococci, streptococci, 
pneumococci, coliforms 


@ Sensitivity of staphylococci in vitro (including antibiotic- 
resistant strains) has approached 100% 


w Development of significant bacterial resistance has 
not been encountered 


gw Low order of side effects 


w Does not destroy normal intestinal flora nor encourage 
monilial overgrowth (little or no fecal excretion) 


Tablets of 50 mg. (pediatric) and 250 mg. (adult) 
Average adult dose: 250 mg. four times a day, with food or milk 

Pediatric dosage: 22-25 mg./Kg. (10-11.5 mg./lb. body weight daily 
in 4 divided doses 


CAUTION: The ingestion of alcohol in any form, medicinal 
or beverage, should be avoided during Altafur therapy. 


NITROFURANS—a unique class of antimicrobials 
EATON LABORATORIES, NORWICH, NEW YORK 
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THE BULLETIN 


Herald Square, N. Y. 


Porkchester, Bronx 


White Plains, N.-Y. 


MACY'S PRESCRIPTION DEPARTMENT 


Roosevelt Field, Long Island 


Macy's respects professional ethics. We carefully avoid dis- 
cussing your prescription, either its ingredients or its use, with your 
patient. You can be assured that all your prescriptions are accurately 
compounded exactly as you write them. And all our preparations, 
made from the finest ingredients obtainable, are carefully checked 


by our supervising pharmacists. 


No wonder so many physicians prefer Macy's Prescription Department. 


Through 
physicians only 


CONTACT LENS 
FITTING SERVICE 


Only on prescription and under the super- 
vision of the physician, Theo. E. Obrig, Inc. 
expertly fits contact lenses of all types. 
This has been a Theo. E. Obrig specialty for 
more than 25 years. 


Theo. E. Obrig, Inc. is singularly equipped 
to fit Lacrilens® and latest forms of 
corneal lenses that may be worn for long 
periods of time even in cases of aphakia. 
Lacrilens® is particularly recommended for 
wear in active sports, including swimming. 


THEO. E. OBRIG, INC. 
75 East 55th Street 
New York 22, N. Y. 
PL 8-0973 


For acidosis due to anesthesia — edema 


KALAK 


Counter-Acts 


ANTI-BIOTIC 
REACTIONS 


. +. . KALAK is a non- 
laxative, alkaline diuretic 
buffer—side reactions 
from aureomycin — terra- 
mycin — sulfas — penicillin 
are reduced through the 
use of KALAK — KALAK 
contains only those salts NORMALLY 
present in plasma. . . . IT IS BASIC! 


KALAK WATER CO. 
of NEW YORK, Inc. 


207 EAST 37TH STREET 
New York 16, N. Y. 


For acidosis due to nausea — in nephritis 


pet 
Jamoica, Queens 
Rm Flatbush, Brooklyn 
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METRAZOL 


reactivates the geriatric patient 


METRAZOL 


reactivates the convalescent 


TR AZOL 
reactivates the fatigued 


for the geriatric patient - 2 tablets or teaspoonfuls, three times daily. 
dosage for the convalescent and the fatigued - 1 or 2 tablets or teaspoonfuls, 
three times daily. 


METRAZOL Tablets and Liquidum 
Each tablet, 100 mg. METRAZOL. Each teaspoonful ,100 mg. METRAZOL 
and 1 mg. thiamine. 

Vita-MBETRAZOL HHlixir and Tablets 

Each teaspoonful, 100 mg. METRAZOL, 10 mg. niacinamide, ‘on 


each of thiamine, riboflavin, pyridoxine, and 2 mg. d-panthenol. Each 
tablet, in addition, 25 mg. vitamin C. 


METRAZOL® brand of pentylenetetrazol, E. Bilhuber, Inc. 


pockaging KNOLL PHARMACEUTICAL COMPANY 
(formerly Bilhuber-Knoll Corp.) 
alcoholic solution) in pints. Orange, New Jersey 


An implantation of |. acidophilus bacilli in the digestive tract 
will frequently restore intestinal flora to a normal, 

healthy condition. Walker-Gordon Acidophilus 

(a 2% butterfat product made from Walker-Gordon 
Certified Milk) abounds in lactobacilli acidophilus . . . 

500 million per ml. Write or phone for professional sample 
of Acidophilus and complete information. 
Guaranteed Free of Penicillin 


WALKER-GORDON ACIDOPHILUS | 


Walker-Gordon Certified Milk Farm, Plainsboro, N.J. SWinburne 9-1234 
New York: WAlker 5-7300 +  Phila.: LOcust 7-2665 

Also Producers of Certified Raw, Pasteurized, Homogenized-Vit. D, Skimmed and Fresh Lo-Sodium Milks. 

Available through leading Milk Dealers or write Walker-Gordon 


oral) 
For Gastro-! ntestina 
| Treatmen | 


more closely approaches the ideal diuretic 


“When compared to other members or this heterocyclic group 
of compounds, this drug [NATURETIN] shows a significantly in- 


creased natriuresis and decreased loss of potassium and bicar- 
bonate. In this respect it more closely approaches a natural or 
‘ideal diuretic.” It is effective upon continuous administration and 
causes no significant serum biochemical changes. It is effective 
in a wide variety of edematous and hypertensive states and 
represents a significant advance in diuretic therapy.” Ford, R.V: 


h ne Pharmacological observations on a more potent benzothiadiazine 
Squibb Benzydroflumethiazide diuretic; accepted for publication by the American Heart Journal. 


Comparison of electrolyte excretion pattern for the 24 hours following 
typical doses of chlorothiazide, hydrochlorothiazide, and Naturetin! 
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inal Natriuresis (mEq./24 hr.) Potassium Excretion 
significantly increased sodium excretion significantly (mEq./24 hr.) 
with Naturetin : increased with Naturetin ‘least with Naturetin 
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_ Bicarbonate Excretion Chloride Excretion 


least with Naturetin marked increases 


Typical Doses: Chlorothiazide — 1,000 mg.; Hydrochlorothiazide — 50 mg.; Naturetin (Benzydroflumethiazide)—5 mg. 
1. Adapted from: Ford, R. V., Squibb Clin. Res. Notes 2:1 (Dec.) 1959. 
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A single 5 mg. tablet once a day 
provides all these advantages’ 


prolonged action — in excess of 18 hours 

convenient once-a-day dosage 

low daily dosage — more economical for the patient 

no significant alteration in normal electrolyte excretion pattern 

repetitively effective as a diuretic and antihypertensive 

greater potency mg. for mg.—more than 100 times as potent as chlorothiazide 
potency maintained with continued administration 

low toxicity — few side effects — low salt diets not necessary 

comparative studies with chlorothiazide, hydrochlorothiazide, and Naturetin 
disclose that smallest doses of Naturetin produce greater weight loss per day 
in hypertension, Naturetin, alone or in combination with other anti- 
hypertensives, produces significant decreases in mean blood pressure 

and other favorable clinical effects 

purpura and agranulocytosis not observed 

allergic reactions rarely observed 


*Reports (1959) to the Squibb Institute for Medical Research. 


—Indications : in control of edema when diuresis is required, in congestive heart failure, 
in the premenstrual syndrome, nephrosis and nephritis, cirrhosis with ascites, edema induced by drugs 
(certain steroids); in the management of hypertension, used alone, combined with Raudixin (Squibb 
Rauwolfia Serpentina Whole Root), or with other antihypertensive drugs, such as ganglionic blocking agents. 


Contraindications: none, except in complete renal shutdown. 


Precautions: when Naturetin is added to an antihypertensive regimen including hydralazine, 

veratrum, and/or ganglionic blocking agents, immediate reduction must be made in the dosage for all 
preparations; the dosage for ganglionic blocking agents must be decreased by 50% to avoid a precipitous 
drop in blood pressure. This also applies if these hypotensive drugs are added to an established Naturetin 
regimen . . . in hypochloremic alkalosis with or without hypokalemia . . . in cirrhotic patients or those on 
digitalis therapy when reductions in serum potassium are noted . . . in diabetic patients or those A) 
predisposed to diabetes . .. when increased uric acid concentrations are noted .. . when signs— 7 

leg or abdominal cramps, pruritus, paresthesia, rash — suggestive of hypersensitivity, are noted. 


Naturétin — Dosage: in edema, average dose, 5 mg., once daily, preferably in the 

morning; to initiate therapy, up to 20 mg., once daily or in divided doses; for 

maintenance, 2.5 to 5.0 mg., daily in a single dose. /n hypertension: suggested 

initial dose, 5 to 20 mg. daily; for maintenance, 2.5 to 15 mg. daily, depending 

on the individual response of the patient. When Naturetin is added to an anti- 

hypertensive regimen with other agents, lower maintenance doses of each ~ 

drug should be used. Squibb Quality — 
the Priceless 

Naturétin — supplied: tablets of 2.5 mg. and 5 mg. (scored). Ingredient 
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OF LATEST DEVELOPMEN TS 


Sour convenience, iw your office or at upervist of leading 
home, you can. now have the latest med- n 
ical news and information. This i is made will 
yossible by means of ionary . your patients 

FM closed circuit radio ope _ (speakers supplied and installed at ‘no ac 
by the Radio Corporation of America and _ ditional cost). Subscription, to this serv 
he National Broadeasting Company. _ ice is$10a month, with no extra charg 
Called the RCA-NBC MEDICAL RADIO SYS-- 
TEM, it will operate 6 days a week, twelve 
hours a day. Three separate 15-minute serviced by RCA technicians. For furt 
programs will be broadeast every day information, mail the coupon. below” 
for your convenience, repeated RCA-NBC MEDICAL RADIO SYSTEM 
, times daily. The program ing” will be 


Please send me full details of the RCA-NBC MEDICAL RADIO SYSTEM. 
Name 


Address_— 
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Voi. 2 
SURGERY 
OF 
THEODORIC 


(CA. 1267 AD.) 


By Campbei! and James 
(Translators from the Latin) 


This is the second volume of No. 12 of The History 
Of Medicine Series of The New York Academy of 
Medicine. It includes Theodoric’s volume III and IV. 
The two wolumes offer a rare picture of surgery in 
the middie Dr, William B. Bean refers to it as 
a “preview of modern surgical practices with emphasis 
on cleanliness, asepsis, anesthesia, nutrition, and not 
least, the thoughtful care of the patient”. 

Vel. 2, 1968. Vol. 1, 1955 © Each volume $5.50 


Hopp’s 
PRINCIPLES 
OF 
PATHOLOGY 


(New book—June 1959) 


By Howard C. Hopps, M.D. 
University of Texas School of Medicine 


The purpose of this ncw text is to establish for the 
student a basic conceipt of disease and a broad under- 
standing of how disease becomes established, how and 
why it produces its effects. The presentation of princi- 
ples establishes a firm foundation for later assimula- 
tion of specific facts. More than 600 illustrations are 
immediately adjacent to pertinent text matter on an 
& x 10° page and an appendix gives additional 
tabular data useful to the student. 


330 Pages. 613 illus. © June 1959 © $6.95 


READINGS IN 
PSYCHOANALYTIC 
PSYCHOLOGY 


| (New Boak—Mch. 1959) 


By Morton Levitt, Ph.D. 

Wayne Univ. School of Medicine 
Provides reliable source material for all interested in 
the health and behavioral sciences. Both theoretical 
and practical aspects of the subject contribute to an 
understanding of purposes and practices in the field. 
The readings are drawn from 23 of the most authori- 
tative sources and include the writings of such indi- 
viduals as Sterba, Fliess, Katan, Buxbaum, Lowen- 
stein, and Glover. Stimulating and absorbing. 

438 Pages © March 1959 © $8.50 


COLE & ELMAN’S 


TEXTBOOK 
OF 
SURGERY 


(th Ed.—June 1959) 


By Warren H. Cole, M.D., FACS. 
With 49 Contributing Authors 


A new double-column page format with complete re- 
writing and revision distinguish the new 7th edition 
of this standard Amerivan text. 32 new contributing 
authors have joined 14 previous authors to cover the 
present status of general surgery-pathophysiology, 
clinical manifestations and operating principles with 
much detailed surgical treatment and technic. The 
cardiovascular material is outstanding. 

7th (1959) Edition ® 1200 Pages © 1000 iflus. 

$17.00 


COLOR ATLAS 
AND 
MANAGEMENT OF 
VASCULAR 
DISEASE 


New Book—Aug. 1959) 


By William T. Foley, MD. 
and Irving $. Wright, ALD. 
Vascular Disease Clinic, New York Hospital 


194 illustrations, mostly enlargements of four-colc: 
transparencies, illustrate 94 cases of vascular disease. 
Text includes brief case histories, discussion of type 
of case and explanation of the authors’ points of view 
on diagnosis, pathogenesis and conservative treatment. 
Thes= selected cases cover arterial and venous di- 
seases; lymphedema; vasospasin; aneurism: minute 
vessel diseases; ard blocd vessel tumors, Index and 
references included. 


225 Pages. 194 Nlus. © $18.00 


For Sale ct cll Bookstores or 
APPLETON-CENTURY-CROFTS, INC., 35 W. 320d MY. 1, 
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The few cest antibacterial prescription with assured safety and effectiveness 


* wide-spectrum activity « high rate of clinical effectiveness—up 
to 90 per cent * exceptionally low incidence of side effects —lese 4 
than 2 per cent — even in long-term use * minimal risk of hazard- 
ous superinfections ¢ essentially no danger of anaphylactic reac- 
tions « fewer problems with the development of resistant mutants 
* economical therapy ° reserves antibiutic effectiveness for fulmi- 
nating, life-threatening infections 


For complete information on dosage forms, dosage schedules and preesu- 
tions, consult literature available on request. 
MADRIBON®—2,4-4i fanilamide-4,3-diazine RotHE® 


RocHE LABORATORIES - Division of Hoffmannta Roche Inc + Nutley 10+ 1. 
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in bacterial infections 
new alternative:3 
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